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B npennaraemom obzope, noceswieHHom 20-neTuio cosaanms B 1983 r. nepsoro KOMMEpPHYecKoro
KBaAPYNONLHOro Macc-CnekTpPoMEeTPa C NHAYKTUBHO CBA3AHHOW aproHOBOR NNA3MON, paccMoTpeHs
OCHOBHbIE 0COBEHHOCTH aToro npudopa, NpobnemMbl ero SKCNAyaTauui U X PeLleHne, NoNyYaHHse C
€ro NOMOLLLIO OPUIMHANBHBIE TEXHWHECKME N METOANYECKWE HOBLUIEBCTBa, PACLUUPSIOWNE BO3MOXHO-
ctv npubopa v BoWeAW e B OCHOBKI, @ TAKXKE MCTOPUIO HOBOIO aHAMUTUHECKOro MeTona,

Cypuxos Bnaguwmmup Tpoumosmuy — cTapLumnii
HayYHbil COTPYAHKK NaGopaTopun PrUINKo-
XHMHYECKMX METOROB anannsa WHetutyra
xumun reepaoro rena ¥Yp0 PAH.

O6nacTs HayyHbiX MHTEOPECOB: CNEXTPAabHbIe
MeTo4bl 3T@MEHTHOrO K M30TONMHONo aHannaa,
ananuTuvyecxoe npubopocTpoeHne.

Astop 110 HayyuHbix nyGnuxauywii u 4 nzobpe-
TeHHH.
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Brepgenne

3aBoeBapmme HaUubONBIIYIO MONYAAPHOCTE
KBaJIpyIIO/IbHLIC MACC-CIICKTPOMETPDI ¢ HHAYKTHB-
HO cBA3aHHOI 1asmoit (ICP-MS) paanuuHbIX MO-
AeJ1eii ¥ ITPOMSBO/AHTEICH COCPE/lIOTOMCHI B AHAJIN-
THHeckHX nafopaTopHax npeumyluecTseHHo CLLA,
Kanaabt, SII0HHK 1 pasBUTLIX ¢cTpaH EBporinl. Bi-
COKAA CTOUMOCTb TAKHMX HPHBOPOB CACPKUBALT UX
PacipocTpaHeH1e B APYTHE cTpaHbl v 1abopaTopun
¢ orpaHHueHHbLIM BiomxeTom. A kBanudHuHpo-
BaHHBIX CIIELIMAJIMCTOB BO3MOMHBIL ABa NCIILITAH-
HBIX (HO HE IPOCTLIX) BRIXO/A MX 3TOT0 3aTPYAHCHHUA.

Bo-nepsbix, npuobpererye 6LIBIUMX B yiioTpel-
NeHUH NpHBOPOB IO CHUYXEHHBLIM LIEHaM ¢ IToche-
Ayoweil MoaepH#usaHeli. Bo-BTopbIxX, caMocTosA-
TEJILHOE M3NOTOBIEHHE AHAJIIOTHYHLIX CTICKTPOMET-
posB Ha 6a3se coHCTBEHHLIX PCCYPCOB H PhIHOYHBIX
KOMILIEKTY romx yacreit. B ofoux cayuasax Heobxo-
AMMa PYKOBOAALIAS HIIH CIIPABOVHAH JIMTEpaTypHas
H IIaTCHTHasA HHdJDpMElLLHH O HAIIPaBJICHHH H Cl10-
cofax pasBUTHH CIIEKTPOMETPOB H MX KOMILIEKTYIO-
wHx, ofieryaouas MPpHHATHE PeLUeHH , 3alHIua-
owan or ourGoK M U3IHILHHX 3aTparT,

Takue cBEACHNA HMEIOTCA B 3apyBesHoM THuTe-
parype (Teicauy craTeil M okosio 150 naTeHTOB), HO
OHHW PA3PO3HCHLI M HE CUMCTCMATH3HPOBAaHbIL. Buuio
CCTECTBCHHO HavaTh TARKY ) CHCTEMATH3ALMIO C [ICP-
BOI'0 KOMMEPUYECKOTo Macc-clickTpomerpa SCIEX
ELAN 250. by LIcCHHOI'o Ha pbiHok B 1983

1{Baipy1OJILHLII MacC-CIIEKTPOMETP ¢ BLICOKOYA-
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CTOTHOH MHAYKTHBHO CBA3AHHOM 1J1a3MOi MapKku
SCIEX ELAN 6511 3al1yLLEH B CEPHHHOE [IPOMBBOL-
¢TBO KaHajckol ¢pupmoit SCIEX (rmoapasaelienne
MDS Health Group Ltd.} 5 1983 . LLnpokyto U3BecT-
HOCTB OH HNOJYYMHII NOcje AeMOHeTpauui Ha 34-i
MeKAYHaApPOoAHOH [THTTCOYPreroil KOHMEPEeHLIHM H
BLICTABKE 10 aHAJIMTHHECKOH XMMHH M 1IPHUIUIAAHOIA
CHIEKTPOMETPHHM, cocTofABLICHCH B mapTe 1983 . B
CLLA, KaK cTaBIIHi JOCTYTHLIM HPHHUMITUAILHO
HOBBIH 1TPUGOP JUIH GBICTPOTO U BLICOKOYYBCTBHTCL-
HOr0 rPYMIoBOro SJAEMCHTHOIO M H30TOIIHOI'O aHa~
nuaa [1-7). Uctopus ero cospanu 11opobHo oTpa-
skeHa B obsope [8]. INocne [TurTebyprekoid npescHTa-
LMK HAyajoCch paclpoCcTPpaHEeHUe M IIPUMEHCHHE
npubopa uid NPUKJIAIHOI0 aHAIH3Aa H HCCIeA0BA-
HHA pagHooOpasHLIX O0'LCKTOB M Lipoleccos. B 1984
I TPOM3BOANTEH ITpuGopa HoBABIIN K HAZBAHMIO
ero ToproBof Mapsu uHaekc 250 [9].

IToaxke CHEKTPOMCTP HLIPCTEPIe)l MHOMECTHO
YCOBCPLIEHCTBOBAHH I, CKOHLEHTPHPOBAHHDbIX B
BOCBMH ITOCJIE AYIOIIHX MOAENIAX, BhUTYIHEHHBIX HA
pbiHOK ¢ HHAeKkcamu 500 (1987 r.), 5000 (1990 r.).
6000(19941r.),6100(1999r.). 6100 DRC, mum npo-
cto DRC (1999 r.), DRC”4 (2001 r.), DRC 11, DRC-¢
u 9000 (2001-2002 r.). HMeToku aToil 3BOJIOLMK
CKPBITHI B HeJlocTaTkax obcysaaemoro ipubopa u
pacTynx TpeboBaHHAX PhIHEA.

Ocobennoctn SCIEX ELAN 250, ero HegocTar-
KM M CBH3AHHDBIE C ITHUM LIPOBJIEMBL, HCKOTOPbIE CITO-
CcOGLI MOACPHHMBALMHK CTICKTPOMETPA M PACLIHPCHNISA
€0 BO3MOYKHOCTCH PACCMOTPEHBI B HACTOSLLCM
of3ope, NpeJHABHAYEHHOM HE TOJILKO JUTH BhILIC-
YKa3aHHOW UM, HO U I OTPAKEHNA HCTOPHH
MeTo/la, IyUmero NNoHMMaHus €ro TonkocTed. Or-
paHH4eHHbIC paMKEH 0630pa HE 1O3BOIWIN BRIIOYHTL
B HErO MHOTOUYMCJICHHBIE CBE/ICHHA O TTPUMEHEHHH
FTOro NMpHOOpPa IUIA AHANNEA KOHKPCTHBIX 00 LeKToB,

OcobennocTuycrpoiictsa SCIEX ELAN 250

ELAN 250 (415 KpaTKoCTH 3/1eCh M jlasiee abbpe-
BUaTypa (PUPMLL B €r0 HAIBAHMK OIYLIEHA) ~ 9T0
CIEKTPOMETP C MOPH30HTAILHBLIM MOHHBIM TPAKTOM
H COOCHBIM PACITONOKEHMEM FOPCIIKH C HHUAYKTOPOM,
ABYXKOHYCHOI'0 ILIA3MO-BaKyyMHOro MHTEepdeiica (¢
cOBCTBEHHBIM BHYTPCHHIM PA3PEKEHHEM), HOHHOI
ONTHEW Y EBaapynoss. Paapemenne ~100-130 INa
MCHIY KOHYCAMH (CBMILICPOM M CKHMMEPOM) HH-
Tepdeiica, noaacpxupaecmoe (POPBAKYYMHLIM Ha-
COCOM, JAaBAJIO BOAMOMHOCTDL HIPUMCHEHMSA YBENIH-
YCHHBIX IL123M00TOHpalomMx alepryp (ocesoc oT-
BEPCTHUC B COMIVIEPE H CKMMMEPE), MeHee [oaBep-
HMEHHBIX 3arpa3HCHHIO OTX0AAMM I/1asMbl 1 00ce-
neunsanimx foiec npeacrasurenbHbIA 1 3 dek-
TUBHLIN 0TGOP HOHOB [4- 1 4]. IMeHHO Takolt HHTCp-

(peite (Buepsble paspaboTaHHBIA H IPUMEHEHHBIA
s ICP-MS B SCIEX) okazajicsi NpHroAHbIM JUIs
MPOAOIHHTCILHOH PYTHHHOE paGoThi U TEM CaMbIM
MO3BOJIII HAYATL C€PHITHOE IIPOM3BOACTBO 06Cy K-
JIACMOro CHCKTPOMETPA.

ELAN 250 or/IHualicHd OT TOIMA €AMHCTBECHHOIO
KOHKY pupyiowtero npuGopa (VG PlasmaQuad) cum-
METPHYHOM CHCTCMOM [TIITAHMH UHJYKTOPa C 3a3€M-
JICHHBIM LCHTPAJILHLIM BUTKOM [5-13], AByXCcTaamii-
HOI BaAKyyMHOH cHCTEeMOI K THIIOM IVIABHOIO BaKYy-
YMHOI'0 HaC0Cd, KOHCTPYKIHEH M pERUMOM paboThl
HOHHOMN onTHEH. OJHOBPCMEHHOE OTKAYHBAHHE
BAKYYMHBIX 30H HOHHOMH OIITHKH M KBaJIpyIoJid ¢
perexropom o 1-10°-2,7 10 I1a obecnieynsas pas-
paboraHusiii B SCIEX MOLIHLIA BBICOKOIIPOH3BO-
AMTENbHBIN (~ 105 11/ ¢) KpHOreHHBI FeJIMeBLIH LIHP-
KYJIALOHHBLIA HACOC, 3aMEHS IOLLIHIA ABA MACIHHHLIX
At dysHoHHBIX Hacoca y KoHKypeHTa [4,5,15-19).
Mosromy nonuas onruka ELAN 250 paborana B a-
KyyMe HH#e 00bIMHOro Ha 2 HopAAKa M [IPH 3Ha-
yuTeNbLHO Goliee HMBKOM TeMmnepatype, T.K. 6blia
pacroioeHa BHY TP KpHOreHHOM AuciiKH.

B nepsbix ar3eMIvIApax CIHEKTPOMETPOB HOHHAHA
OITHKA COCTORAIIA U3 CeAYIOILHX, 110Ce10BATE/Ib-
HO PACIOJIOMKCHHBIX [10C/IE CKMMMEPA 3JIEMEHTOB!
JIMCKA M3 METAJUITHCCKOM IIPOBOJIOYHOH CETKH, BXOA-
Horo BY MmUHU-KBaUPy 1104 1 «kopolku» Beceess ¢
HAXOAHIIMMCSH B CC LICHTPE CBCTOHEITPOHMLAEMbIM
AMCKoM auameTpoM ~ 10 mm (JimHaa «poTon-cToID),
[pe/Ha3HaMCHHBIM UIS 8allMThbl A€TCKTOPA OT Me-
IAKIEr0 CBCTOBOro UailydeHua [20, 21], B kave-
CTBE APVToro (He peajiM3oBaHHOI0) CPeACTBa 3allH-
Thl AETERTOPA OT CBCTA IUIA3MLI paccMaTpHBaIH
BAPHAHT PaaMEILeHns BCJIE/| 3a IVIaBHbBIM KBajapy-
HOJCM MB0PHYTOrO BLIXOAHOTO KBAAPYTIONA, OTRII0-
HHAOILET0 HOHbI, IBUTAIINECH K AeTeKTOpY, Ha 90°
OT MCXOJHOI0 HallpasieHis [6). PaciionomeHHbINA 3a
CEMMMEPOM ceTuaThlii auck (ring lens, mesh lens)
MM ITOTEHUM AN ementeHrs -20 B, OroT auck npe-
AOTBPALIAJ ITPOHMKHOBEHHE 3/ICKTPOHOB M OTPHLIA-
TEJILHBLIX HOHOB U3 CKIMMCPA BHYTPb MOHHOR ONTH-
KM 11 T€M CaMbIM MCK/IIOYA/ BOZHHKHOBEHHE TaM
HOKenaTeLHLIX paspagos [21]. CeTuaTsiit AUCK
MMEJ CYULCCTBEHHBIA HEA0CTATOK: OH yMEHbILIAN
CHEKTPAJILHYIO HyBCTBUTEIbHOCTL ELAN 250 K Jier-
Kkum snemenTam [22]. «Jopolinas Beceens cocTosuia
M3 LUHJIMHAPA ¢ ABYMS H30/JIMPOBAHHBLIMH OT HETO
TOPUAMH, CHADHKEHHBIMH OCCBLIMH OTBEPCTHHMU
JUIS LTPOX0/4@ HOHOB. LIMIMH/P M HAXOAAIUMITCA B €10
LCHTPC JIHCK «(DOTOH-CTOIN HMEI W METAIMUYECKY 10
CBA3L M 0IHHAKOBLIH ITOTEHIIMAI cMeLlucHMA +5 B,
IMoTeHL4a bl CMCLLEHNA Ha BXOAHOM KBaJIpyroie
1 Topuax skopobimy Beccensd cocTaB/isIN B noclie-
JLOBATEILHOM HopsaAKe -5, -30, -10 B, 'naBHblit KBaj1-
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PYIO/L CIICKTPOMCTPRA HA BXOAC M BLIXOUC MME/
JAOTIONTHHUTE/IbHbBIE OTAC/IbHBIC KOPOTKME BhICOKOY A~
CTOTHBLIE KBARAPYIOJIH, YCTPAHHIOUIHE KOHLCBYIO
AehOKYCHPOBKY HOHOB,

CHUMMETPHUHMHOE THTAHUE UHIYKTOPA OT reHepa-
Topa (27,12 MT'u) cHavasa ofiecrneuuBaiy HajloMe-
HUCM 3a3CMJIHIOMCH LIMHBLI Ha cePeiMHY HHAYKTO-
pa. Moaxe npumeHnu GoJice COBEPLLIEHHOE peme-
HHUC! CTAJIM 3a3eMJIATh CCPEAHHY LEItM KOHACH A~
TOPOB, NOAKIIOYCHHLIX APA/IC/ILHO HHAYKTOPRY VA
comiaconaHua uMIcaaHca inasmel. OGa BapuaHTa
(mpsaMoit ¥ KOCBEeHHEIN) o6ecIeYNBAIIA CHHIKCHIE
aMIUIMTYAHOTO BRICOKOYACTOTHOIO NMoTEeHUMana
naasmel ¢ 200 go 13 B 3a cueT B3auMOYHUUTOME-
HHUA PABHBIX 10 AMIUTHTYIE, HO ITPOTHBOIION0RHbIX
1o )ase MOTEHUHAJIOB, ACHCTBYIOMNX HA PASHLIX
NMONOBHHAX HHAYKTOPA. B HTOre 1NoNyYHIH 8BHAUK-
TeJibHOE ocnabneHue BTOPUYHOI0 paspsaia Mexsmy
TLIa3MOi M COMILIEPOM, YTO YBEIMYHIO CPOK €ro
cays6bl, YMEHBLIHJIO BETHYHHY M LIMPHHY ClEKTPa
KHHETHYECKOH DHEPrHH HOHOB, MOBBLICHJIO CIIEKT-
pasibHoe paspenienue npubopa [8,10-12].

Baskabmv omiurem ELAN 250 On11a BOIMOMKHOCTD
perHCTPaLMK OTPHLATE/ILHBIX HOHOB, peajiusyeMas
MyTeM H3MEHCHIA NOJIAPHOCTH H BETHYHHLI [TOTEH-
LHaJIOB JIHH3 HOHHOM OITTHKH, D‘I‘KJ]OHHIOIJ.[Cﬁ cHCTEe-
MBI M IETERTOPA C HAJJIEIKALLECH OITTHMH3ALMEeH HH-
CTpyMEHTaNIbHLIX ITapameTpos 15, 18, 23-28].

OCHORHBIE 3KCILTY ATAIHOHHLIE TpoGeMnl

Vixe nepBoHavYaIbHaA skcluyaTauua ELAN 250
obHapy#uia paj 1pobiemM, CBA3aHHbIX C KOHCTPYK-
THBHBLIMH HeopabGoTkaMmu npubopa, ocobeHHoCTH-
MH METOHA AHANIU3A U AHAINHIHPYEMbIX 00'LEKTOB,
B ux uncne apeid 1 HecTabMIBHOCTE UBMEPEHHIH,
IPHUBOUAALIHC YALLE BCCTO K YXYIUCHHWID YYBCTBH~
TEALHOCTH W TOMHOCTH aHanu3sa [4-6,20-22,29-72],
MaTpHUYHLIC HECIIEKTPAJIbHEIE BIHAHKA [5, 17, 18,
20, 22, 25, 30-32, 36, 37, 40-42, 45, 49-52. 60-68,
73-84], criexkrpasibHble HanoxeHus (10, 16, 22, 29,
31, 32, 35, 37, 41, 45, 51, 52, 63, 64, 70, 76. 85-
108| n acpperr auckpumuHami mace (22, 31, 34-
36, 40, 60, 65, 66, 82, 109, 110].

HawubGosnee GonesHeHHoI mpobnemMoii, ocobeHHO
IUTA noabaoBaresiel mepesix ELAN 250, 6611 11oBbI-
meHHLIH gpetidy. 3naunTenshbie Jpeitd kanubpo-
BOYHLIX FPA(UKOB ¥ MAaTPUYHOEC BIHAHKe Habo-
JAIM, HALIpHMED, NPH onpeicicHuK npuMeceii B
yPaHe [pH ero KoHUeHTpauuax ~ 100 mr/n [20]. Ipu
aHAIN3C YEJIOBEYECKHX BRIICIICHHI ApeH( HHTeH-
CHBHOCTH ITPHBOAWI K 0cJ1ab/1CeHHIC CUTHAJIA HOHOB
67Zn Ha 20 % 3a 50 muH, a 'Fe 1 5Fe Gosee, iem B
2 pasa3a |,5uaca pa6bors [29]. MHTeHcHBHOCTL "Li
ITPH €10 OTTPEACIIEHHN B KPOBH H MOMC I'ela1a 3a 5 va-
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con Ha 30 % [30]. [Apeitd Mor uMeTh OMHAKOBYIO HIIH
ITPOTUBOIIOJIOMRHYIO HAIIPABIEHHOCTD JUIH PA3HLIX a/1c-
MCHTOB (Harpumep, -30 i +50 % sa | vac paboTsl), ¢
HEMPEACKASYCMbIM TIOBCUACHHEM B PASHBLIC JIHM W
yacst [31].

OTHOCHTEILHO BhICTPO GLUIM BLIABIEHL! TPH
IJIABHBLIX TPUYKMHEL Apeiida:

1 - HeeTaOMILHOCTDL 88 JARHOM NO3ULHHK HHCTPY-
MCHTAIBHON LKA/ JIHAIIAS0HA Mace ¥ paspelue-
HUA KBAAPYIIONSH H8-8a HeycToHuMBoit paboTsl €ro
GioKxa nuranmd (4, 6];

2 - yXYALIEHHC [POITYCKACMOCTH HOHHOI OITH-
KM BCJIECTBUE UBMEHCHUSA MOTEHLHAIOB HOHHBIX
JIMH3 M3-3a HAKOIUICHMA HA HMX BCUIECTBEHHLIX
HEBJIEKTPOITPOBO/IAIIMX OTX0/I0B I/IaSMEHHOM CTPYH
(achcherT namaTH HOHHON onTHEK) (5, 6, 21, 32, 33,
36,40,83,111]:

3 - yMCHBILCHHE 1IPOTTYCKACMOCTH MHTepdelica
13-38 COKPAUICHHA IMaMETPA OTBEPCTHIA KOMYCOB Ha-
KATUIMBAIOLLIMMHCH 0CaKanMH (aduherT rmama T MHTep-
ceiica) (4-6,22,31-33, 36,38-54, 73,81, 111-115].

K 1pyrim BoaMoKHBIM ITPHYHHAM HEYAOBJIETBO-
PHTeILHBIX HBMEPEHHII CIIEYET OTHECTH!

4 - HecTabubLHY0 paboTy yCTPORCTB BBEICHHA 06-
pasuos [5, 40. 50. 54, 55, 57, 83. 109, 114, 115, Buac-
THOCTH, M3-3a OTIOHKCHHA COJIcH B HHUAKOCTHBIX pac-
neumTensx [50, 54, 55|, vaneropsropenke [40, 114, 115

5 - uamMeHeHue pasMepa i popMbI KOHYCOB M OT-
pepeTHi MHTepdeiica a-3a uaHoca [16, 22, 32. 45,
49,54, 116]:

6 - 1OBBILICHHDBIA 3upeRT TaMATH [LJIH HCKOTO-
PBIX XHMHYCCKHUX BJIEMCHTOB HIIH UX COE)IHHCHHﬁ:
Li [5.30]. B [38.53]. Se [56-57.118], Co. Y, Nb [53],
Ag [36].1[38.54]. Os [53.1186], Hg |36, 38, 53, 54,
111,117], U[41).

Verparenwne apeiida

C'I‘EI.GHJIHSEIU.H!O HEUIHﬁpOBaHHOI'(} NOJOMEHWH
MACCOBOTO AUaliasoHa (¢ oTkiaoHesuem 40 0,1 a.e.m.
3a MCC.‘HU.}:-I) CpPaBpHHTCJILHO JICI'KO ofecrcuninm TCpP-
MoOCTATHPOBaHHUEM GJIOKA MHTAHHA KBAPYTIOIA [6].

TpyaHee 6LUI0 CITPABUTBLCA CO BTOPOI ITPHYHHOIA.
JUis yMEHDBIICHHA YYBCTBUTCABHOCTH HOHHOI o11-
THKH K BPE/ITHOMY BJIMHHHIO HEBIEKTPOIPOBOAHIIMX
BelllecTB, oCamxIalIINXCcHd Ha JIMH3ax U3 IJ1a3dMbl,
HNPULLIOCH CYLICCTBEHHO MBMEHUTD €€ YCTPOoHCeTBO.
Ha BbIX0ojie U3 CKHMMEPa BMECTO CeTHATOro AMCRA
YCTaAHOBMJIH HONOJHUTCILHBIHA 3a3CMIICHHDIN cBe-
TnHCIIpDHHU.aL‘MbIﬁ MCTAIJIHYCCKUH AHUCK gnameT-
poM ~5 MM (IHH3a «MHHH-(OTOH-CTOIIY ), 3ACJIOHAD-
LMt BXOA B Kopobky Beccens u TeM camMbIM CyIie-
CTBCHHO YMC HbLLla!OI.U.Hﬁ NEPCHOC OCAAROB Ha 1J1aB-
HY1O JuH3Y «hoToH-cToI, Harpes AMH3bl sMUHN-
choroH-cTol 6ITMAEKO pacnofoyeHHOM 1U1a3Moii obec-
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NeYHBaJI HCKOTOPOE CAMOOYHLLICHME CIO 1TOBCPXHO-
CTH OT HAKAIUIMBalOIIIMXCH OCaJK0B. l'lepeﬂoca ITpo-
JIYKTOB 3TOr0 CAMOYHMIIEH U HA ITIaBHbLIM MK «po-
TOH-CcTOI He 6buTo 3amedeHo. [loTeHLMan cMelle-
HWA 3TOTC JMCKA MUBMEHHIH (10 -14 B) u caenanu
HE3aBHCHMbIM OT OKPYHAIOIIEr0 IMTHHAPA «Kopoh-
KH» BeccesiA ¢ 1HOMOLUBIO AEKTPOH30IALIMH. OTe obec-
(IEYHJIO YBEIIMYCHUE MHTCHCHBHOCTH HOHOB B 2-40
paa. HeadperrupHbLI (M3-3a CHIILHOH IT0/IBEPiKEH-
HOCTH BJIMAHMIO [71a8MEHHOI'0 KOHAEHCATA) BXOAHOM
BBEICOKOYACTOTHBII MMHU-KBAPYIIOJD, PACTIOJIOMEH-
HBL MEXIY CHMMMEPOM M «kopobkoit» Beccens, 3a-
MEHMJIH CTAHAAPTHOH TPEXLIMIIMHIPOBOR MHH301 -
HIEJIA, 06ecrieYHBILIECH YCHIICHHE HOHHOM HHTEHCHB-
HOCTH B 2-3 pasa. BXoiHO#i 1 BEIXOHOW LIMJIMHAPLL
STOM IMH3bI UMEJIH OAMHAKOBBIH ITOTCHLUMAI CMeLLe-
HuA -15 B B1egeTBHE HX 3JICKTPUYECCKOIO COCAMHE-
HUA. [TOTCHUMAI H30/IMPOBAHHOI0 OT HUX [IPOMENY -
TOUYHOTO WWIHHAPa goctrra -130 B. HeemoTps Ha
HeKoToOpoe owi1ab/IeHHE HOHHOTO TOKA JIMCKOM «MHHH-
(OTOH-CTOI, H3AMEPAEMaH HHTEHCHUBHOCTL HOHOB
CYLLECTBEHHO BhIpociia. BuTore, 3aBUCHMOCTb M3Me-
pPAEMBIX CHTHAJIOB OT MSMEHEHUA OTCHLMANIOB Ha
MOHHBIX JIHH3aX BCJIEACTBHE HX ITOKPRITHA OCaKa-
MH, 3HAUNUTENLHO ocnabna, crana Gosee peacKasye-
MOM M MEHCE CBA3AHHOM ¢ 0COGEHHOCTAMH oIIpe/ie-
JIAEMBIX XMMHYECCKHUX 3JIEMCHTOB. OTH MEDPbI HE TOIb-
KO CYLUECTBEHHO YJIYUILWIH cTabHIBHOCTL M3MEPHE-
MbIX CHTHaUIOB (Apeiid ymeHbLnwics fo 1-4 % 3a gac
[4]), HO TaKKe YBENHYWINA Yy BCTBUTENBHOCTL CIEKT-
pomerpa 1o 10° (unir/c)/(vr /1) 1 nornsm ot J10
meree 10 umn/c. .

PaccMOTpPeHHYIO MOACPHN3ALMI0 HOHHOMH ONITH-
KW ocyuiecTBHAH B 1986 r. cneunanuersl MDS
Health Group Ltd, noayuuBiuMe COOTBETCTBYIOUIHIA
nateHT B 1988 1. [6,21]. B cBA3K € 2THUM, HaYMHAaA ¢
1986 r., SCIEX nNpoM3BOANIA YCTAHOBKY YLy YLLICH-
HOM MOHHOH OIITHKH HA HOBBIX M paHee IIPoJaHHBIX
ELAN 250 [6, 24-26, 34-37. 39, 40, 48-53, 55,61~
65,68-71,73,78,80,81,96,98, 104-106, 108,110,
116,118-128].

QOcrabHbie 11pobiieMbl PELUATH ONTHMHA3aiMel
BJIMAIOIHX napaMetpor [ 16,35, 119,129 ncrodHnka
HOHOB, HOHHOI OIITHEN, HHTepdeiica n cuerem BBo-
Aa o6pasioes, YIIPOLIEHHEM COCTABA PACTBOPOB M T. A

IoaXoasl K COBEPILIEHCTBOBAMMIO HOHHOM

ONTHKH

HecneoBaHue nmapaMeTpoB, BIMAIOMIMX Ha 011~
THMH3ALHI0 aHAIHTHYECKOT0 oTiiinka ELAN 250,
IIOKAB&JI0, YTO KPOME MOLLIHOCTH [L1a3Mbl, PACXOAA
TPaHCIIOPTUPYIOLLETO aproHa 1 IIyOHHBI IL1asMo0T-
Gopa BaMHYIO PoJIb UIPAIN NapaMeTpbl HOHHHOI
onrruku 16, 34-36, 118, 119, 129]. B crapoii nox-

HOI ONTTHKE onpeaendIIee BAMAHME UMEI HOTEH-
LHas JiH3sl B (anck «hoToH-cTorn B «kopobrer bec-
cens) [34-36]. B HoBOH MOHHOI ONITHKE BAHAHHUE HA
HHTEHCHBHOCTE CIEKTPaE OKa3BIBAJIM I1OTEHLUMAJIILL
Becex ee nMH3. B vactHoeTH, 6Bl 3amMeyeH obmMi
HCAOCTATOR ulmpoﬁrmn beccena: HCOﬁXO}LHMOCTb
H3MCHCHHA IMOTCHUNAIOB BHYTPEHHCIO AUCKA H
LMIMHIPA [ TONYYCHUE MaKCUMabHOIO CHI'HA-
Jia pasHbix asieMeHToB (adgdexT AHcKpUMHHEALMH
mace). [TosToMy pasHble AHAIUTHYCCKHC 3aLa'H
TpeGoBaAIH HHIAHBHIYAILHOH ONTUMHBALMN JTHHS, K
COMKAUIEHUIO, AMITHPHYCCKAH OITHMM3ALMA 1P 6011~
LLIOM KOJIMYeCTBE JIMH3 HECOBECPIUCHHA, T.K. HE ra-
PAHTHPYET IOy YeHHA HAaW/Iy Y1UEro pe3ynbraTa i
JaTpaTHa 10 PACX0/ly BPEMEHH, aproHau Tpysa. [na
obGleryeHus aToON lpoueaypsl ObLia mpeiokeHa
KOMIIBIOTEPHAS IIPOrPAMMA CHMILIEKCHOH OIITHMU-
3aUMH IOTCHLMAIOB JIMH3 MOHHOI o1rTuKm [125].
TPAeKTOPHI HOHOB B HOBOH OIITHKE B 3aBHCHMO~
CTH OT MOTEHLHAJIOB HA JIMH3aX, KHHETUYECKOHN
SHEPrHy M MACChl MOHOB, a TAKKE POJIb OTAC/IBHBLX
JIMH3 HCCJIEI0BAHBE € ITOMOLLIbLIO CIICHHAILHOH KOM-
I'BIOTEPHOIT IporpaMMel MacSimion (Montech Pty
Ltd.. ABcTpanus). PesyabTaTbl 3TOT0 MOACIHPOBA-
HHA, COLOCTABICHHLIC C 3KCIIEPUMEHTANILHBIMA
HAAHHBIMH, YVIVYLIIIK NIOHHMaHE PﬂﬁO’l‘ bl KOMIIOHEH-
TOB MOHHOH OIITHEH, TI03BOJIWIH 00 LACHUTL U OLICHUTD
AMITMPHUYECKUIA BRIGOD MX anekTporMTanms [118].
MNoABEPHEHHOCTL TPACKTOPHI HOHOB-AHAIUTOB
Ha YYACTKE MX BX0Aa B HOHHY10 onTHKY ELAN 250
MaTPUYHOMY BIHAHMIO U3YUa/IH MOAC/THMPOBAHHEM
€ TIOMOLLIBIO CIIELIMILHOI ITporpaMmMel, paspaboTaH-
Hoii B SCIEX. B pesynibrare 6LU1 ce/1aH BLIBOA, YTO
IJIABHYO POJIb B HECITEKTPAILHOM MATPHYHOM BJIH -
SIHHH WI'PAJT [IPOCTPAHCTBCHHLIA 3apsa/l, JIOKANH30~-
BAHHLIH BHYTPH IOJI0CTH CKHMMEpa. DTOT 3apHjl
OKa3bIBAJ OTTAJKMBAIOLIEE JCHCTBHE HA MOHbI-
AHAWIHTBL, BLIXOAALIME U3 CKMMMEpa, TCM CaMbIM
3HAYMHTE/ILHO paciumMpss (AedokycHpys) MoToK
MOHOB, BXOOALIKI B JIMH3Y DHHLENA U «KOPOobKy»
Beccens, ymeHblIaa apHEeR THBHOC T HCITONL30Ba-
HHUA HOHOB AHANWTOB, THME/IbIE 3JIEMCHTHI B Ka-
HECTBE MATPHLL OKa3bIBANIK Haubo/1ee BpEAHOE BIIK-
fIHIIE, @ B KAY¥eCTBE aHalIUTOB GbUIH IIOABCPHKCHBI
€My B HAHMMEHbLeH cTeileHy. CUTyalHs ¢ JICTKH -
MM 3JIEMEHTAMM BLUIA HPOTHBOTIONOXKHOM (pasHoBmi-
HoeTk adperTa grekpumMHaLpK mace). A yMeHL-
LLICHMA MCLUAKLLCH POJIM [TPOCTPAHCTBCHHOIO 3a-
PHAA NPCUIATATH MBMEHEHUE KOHCTPYKLIMM MOHHOM
ONTHKH, He HALLICALLEC [PUMEHCHHS U3-3a YXyLUC-
Hug cTabuiaLHoCTH paboTet npubopa [82].
IMoapoGHee sTa TeMa ocseleHa B [84], riae Ha
OCHOBAHHH PeaylIbTATOB MOACTHPOBAHHA paboThl
AHAIOTHYHON HOHHOM OITHKHW ¢ TIOMOLLbIO YCOBEP-
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MIEHCTBOBAHHON 1POrPaMMbl pACCMOTPEHLI BAPH-
aHTbl Gonee ahheKTHBHOrO NPEeoAOJICHHA ITPOCTPaH-
CTBEHHOTO 3apsgoBoro Gapsepa InmyTeM SJeKTPO-
CTATHYECKOT0 YCKOPCHUA HOHOB-aHAIHTOB 34 CKUM-
MEpPOM HJIH TPEeABaPHUTE/IbHOrO ITOBBILIEHWHA UX KH-
HETHYECKOMH 3He PrilM IIPH YCI0BHUH COXPaHEeHUA A0-
CTATOYHOH Y30CTH MX MHAMBHYAILHBIX 3HEPTeTHYCC-
KMX CIHEKTPOB. [leTanbHbIC PE3yILTAThI HCCIICH0BA-
HHUH HECIICKTPAILHBIX MATPHYHLIX BIIMAHWA, BbITION-
HEHHbBIX Ha o6y aaemom TpHbope, HAMOMKEHEI TAK-
e B [40, 60, 74, 75. 78, 82].

OfHapyseH COBOKYITHbII IT00KUTENbHEIH (-
(peKT OT CHHIKEHHUA MOTEHIHMANA MIAa3MBbI IPH CHM-
METPHYHOM IMHTaHUUW HHAYKTOpa [10-12] 1 npume-
HEHH!A HOBOM MOHHOM ontTHRHU. 3T1oT 3¢PeKT npo-
HBJIAJICH HE TOJLKO B C}’J:KCHHH HHINBUAYAJIBLHLIX
IHEPreTHYECKUX CNIEKTPOB PASHLIX HOHOB, HO M B
BHAYHTEIBEHOM ocsiabIcHUHN 3aBUCHMOCTH SHEPIMH
MOHOB OT pacxoja TPaHCIIOPTHUPYHILErO aproHa 1
MOLLHOCTH I1asmMsbl [121]. 210 zasano BOIMOAKHOCTE
HE3aBUCHUMOM ONTHMM3ALMK HOHHOM OIITHKH M YKa-
3aHHBIX TaPaMeTPOB IUIa3MBI, YTO YIIPOLLIAJIO MO~
FOTOBHTENLHYI paboTy.

INepeuncIeHHBIE HCC/IEX0BAHUA ITPHBJIEKIIH BHN-
MaHHe K HeCOBEPLIEHCTBY HOHHOM ONTHUKH, O HAa-
KO KapAWHAIEHOE H3MCHCHHE € KOHCTPYKLMH Ipo-
HaonUo Tobko B 1994 r. npu suimycke ELAN 6000.!

HMonsrTeH yayuanieHns aarepdeiica

Camiuiep u ckummep neppbix ELAN 250 umednn
AnameTtpsl aneptyp 0.76-0,94 10.89 MM, cooTBeT-
cTBeHHo [16, 33, 79, 119]. [Noaxke aAuamMeTphl U3Me-
HHaM 1o 1,0-1,2 y cammuiepa n 0,7-0,9 MM y cruMm-
mepa (20, 27, 38-40, 46, 48, 51-55. 61-64, 66, 68,
70. 80-82, 98, 113, 116, 120-125, 127, 130-133].
JUnA M3roTOBIEHHA KOHYCOB UCIOML30BANIH [TPCUMY -
IIECTBEHHO HMKeNb 16, 22, 27, 38, 40, 48,49, 51-
55, 61-64, 70, 79-81, 94, 98, 113, 116, 119, 122-
125, 127, 131-133|. B MCHBLICH CTEIICHH — MElb
[16.38.49,51.53-55,92, 94, 98,113, 119}, inatin-
Hy [22, 94, 110, 134], HepxaBeomyto cranb [92,
94| u naTyHb, MOKPEITYIO HUKeJIEM Wi XpoMoM [123).

IMepBble HUKENEBBIE COMIUIEPLI C OTBEPCTHEM
0,94 MM 6bIJTH HEAONTOBEYHDLL CPOK CJyKGbI IIPH
pa6ote 1o 12 vac B geHb cocTapnsan He Gonee 2
Mecalee [ 16]. [ToaToMy NpUXOAWIOCH UX 3AMEHATD
camoaesibHLIMH. Cpean o1ipoboBaHHBIX KOHCTPYK-
LM MHTEPECCH IPOCTOlH COMITIEP, IUTAMITOBAHHLII
M3 IVIATHHOBOIO JIMCTA TONIIMHON 0,56 MM, ¢ Heo-
CTPBIM (3aKpPYIVICHHBLIM) KOHLLOM KoHyca. Tlosepx-
HOCTL KoHyca (Buicora 5 MM, auamerp 10 mm, anep-
Typa 1.1 MM) TEPMOYITPOYHAIN OKCHIOM TOPHA. JToT

camiuiep paborai GoJiee rojla ¢ BbICOKOCONEBLIMHM
pacTBOpPaMH IPH 1oBbIeHHOM (1,6 KBT) MOLLHOCTH
tuiasmel 663 3aMeTHOTO HaHoca [45].

O npexieBpeMEHHOM (Hepe3 HECKOILKO HeAe
AKCIUIyaTALMH) M3HOCE OCTPOYTO/IBHOTO KOHIIA HH-
RCJICBOI'O CKMMMEDPA C IMOCTENCHHLIM PACHIHPEHHK-
€M €ro alepTyphb! 113-3a HAKOIL/ICHUA OTJIOMEHHUH,
COTMYTCTRYIOLLEH KOPPO3HUH H MEXAHMYCCKON 01 HCe-
TKC coobleHo B [49]. [ng ynyuneHUs CHTYaLHNA
MNPCAJIOMICHO ACIATL OCTPHWE CKMMMEDPA 3aTYIUICH-
HBIM, C TOJILMHON Kpaes oTBepeTd 0,075 MM, uTO
CYILECTBEHHO YBE/IMYHBAJIO CPOK €ro ciIyK06bl.

B pa6ote [92] uccae1oBaHO BIMAHUE BETMHYHHBI
JAVAaMETPA 0TBEPCTHIT MeHoro camiviepa (0,5 1-0,94 mm)
U CKHMMepa 13 Hepxaseouleit eram (0,.76-1,0 mm)
Ha aHAJIMTHYECKHH OTKIIMK HECKOTOPBIX METAIUIOB M
MX OKCHJIOB ITPH PasiMYHbIX PACXOAAX TPAHCIIOPTH-
PyIOLLCro aproHa. B0 YCTAHOBIIEHO, YTO YBEAU-
HeHHE O’I‘BCPC‘I‘Hﬁ CaMIUIepa U CKHMMCPa MOBLIIIA-
J10 HHTEHCHBHOCTL HOHOB METAJUIOB M ocabisano
HHTEHCHBHOCTD HX OKCH/IHLIX HOHOB, I[TPH 3TOM POJIL
pasmepa OTBepcTHA camIuiepa 6bia Gosee cyme-
CTBEHHOW. ONTHMANLHAA BEIIMHUHHA PACXOAa apro-
HAa 1A BceX aHaIMToB Gbiia 6/1M3K0M M MaJIo 3aBU-
cALCH OT BEJIMHHBI OTBCPCTHIA,

CrangapTHoe PHKCHPOBaHHOE PACCTOAHHE MEHK-
Ay OCTpUAMHM camiviepa v ckummepa ELAN 250 Gbuio
paBHO0 6, 1 MM, OGocHOoBaHKE BbIGOPaA HTOH BEJIHHHHBL
npuseacHo B (94, 135]. B npouecce ruraamoothopa aTo
paccTosaHue obecrievHBaso HebobIIoH ITPOKOJ T.H.
Aucka Maxa (moriepeqHasn rpaHHua pacupocTpaHe-
HMA 3BYKOBOI Y1apHOH BOJIHLI) OCTPHEM CKMMMEpa 1
PacIoJIOZKECHHE €r'o alepPTYPhl B 30HC «THIIHHLIY 32
CaMILIEPOM, HYTO, [10 MHEHHIO padpaboTankos, obec-
HEYHBANO OITHMAILHBIC YCIOBUH JUIH BTOPOI CTAAMH
rmasmooTthopa. MceneqoBaHHe HOMICACTBUI YBEIIM-
YUEHUs 3TOro paceroaHnA 1o 8,4 u 1 1.8 Mm (ocyLucers-
JHCMOr0 PasdMeIeHHEeM COOTBETCTBYIOMX waih
MELY CIMIVICPOM U CkMMepom) s Aru Ar-N, (5%)
[71a3M [PH PasiIMUHBIX PacXojax pacnblLAoILEro
rasa J1aJio caeAyioure pesynisraret [(94]. B aproHosoii
I1asMe VBEJIHYCHHUE PACCTOAHUA MEXK/Y OCTPHUAMHA
HHTepheiica BLI3LIBAIIO:

— 3HAYUTCIbLHOE YMEHBIUEHHE HHTCHCHBHOCTH
Cu*, Mn*, Ce*, CeO". LaO* u 6onpmmHeTBa Ar-co-
paepsxammx (hOHOBLIX HOHOB (Kpome ArN*);:

- HeKoTopoe ocsiabieHHE ICHPECCHPYIOLLIEro MaT-
puusoro (Na mim U, 1 r/n) BIMAHKHS HA HOHBI aHa-
JqTos u ArO*;

= YBCIHWYCHUEC MHTCHCHBHOCTH MaTpHYHOTO
nona NaAr* (yrasbisaowmee Ha ero ofipasosanHe B
B0HE MCH/IY COMILICPOM H CKMMMEPOM),

" BOIMOKHOCTM COBPEMERHBIX NPOrPEMM ANA KOMNLIOTEPHOrE MOAENHMPOBAHNA PaboThl MOHHO-ONTUMECKUX CUCTEM U UX paspaBoTku

npofemoncTpupoBansl B [160].
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ITH JaHHDLIC | IOATBCPAMIIH HPABHILHOCTDL Bh Ho-
pa MexKoHyeHoro paccTosaHua 6.1 mM. Cnatoe Biin-
AHUE YBEITHYCHH A MCHKOHYCHOIO PACCTOAHMA W Pa3-
JIMYHS CBOMCTB 8/IeMEHTOB HA MX MATPMHHBIH ahpexT
MO3BOJIMI0 CAENIaTh BbIBOA O €ro Donee sHAYMMTEIL-
HOM ITPOARICHHH [I0CJIC CKHMMEDa: PEATIOTOAH T/~
HO BHYTPH HOHHOM onTHEM. B Ar-N, 1L1asMe yBeJin-
HEHME MEIKKOHYCHOI'O PACCTOAHNMA 10 8,4 MM 10BLI-
Lano MHTeHeuBHOCThL Cu' M BodbmnHeTRa Ar-co-
AepHialiux HoHoB (Kpome ArN*) ¢ roclie Ay oMM ec
1nosuzcendem 1pu 11,8 mm. Jlpyrofi ocoBeHHOCTLH)
3TOH IU1a3Mbl OLUIO 3HAYMTEIBHOE CHUMKEHHE ad-
exruHocTH o6pasosanua okcroB Lau Ce.

[1pOTHBOIIONOMHBIE PE3Y/ILTATEI GbLIH MOy EHLT
IIPH UCITbITAHHH CAMOAE/ILHOTO ITATHHOBOTO 1IITamM-
[OBAHHOI'0 CAMILIEPA C 3aKPYTVICHHBIM KOHYCoM [45].
B 3TOM ciiyuae H3MEHEHHE MEHRKOHYCHOT'O PaceTo-
AHHA ¢ KpaTHOCTLIO (.5~1-2 0T HCXOAHOI'0 HE BbI-
3BIBAJIO CYLIECTBCHHOIO H3MCHEHHH HYBCTBH T L~
HOCTH M1 YPOBHH OKCHAHbLIX HOHOB.

B 1986 r. 66U1 HCIBITAH HOBBIH C110¢00 10110/ THK-
TeJIbHOI'0 YMEHBUIEHUS OCTATOUYHOIO BTOPHYHOIO
paspsaaa Memxay I1asMoi u uaTepdeiicom, npouie-
BAIOLLHI KM3Hb CAOMILIEPAM H CKHMMEPaM, IIPHI0/-
HbII He ToJIbKO Juia cuMmMeTpruyHoi (ELAN 250), Ho
M JUIH ACHMMETPHYHOMH CXeM IMTHTaHHA HHAYKTOPA.
CyTb criocoba 3aki04aiach B Oprasuaaum nura-
HHA HC3A3EMJICHHBIX, CIIELHAJIBHO BJIEKTPOM30J1H-
POBaHHLIX OT KOpILyCa upnﬁopa COMIUIEPA M CKU M-
MCpa (BaCHMMETPHYHOR CXEME), MM TOJILKO CKUM-
Mepa (B CHMMETPHYHON eXeMe) HAlIPHKCHIMCM CMe-
LEeHUHA C 4aCToTOH redepaTopa rviasmal. [ lagiexa-
LM [TOAG0P PEry/IHpy eMbIX (hashl M aMIUIMTY bl 3T0-
o HAINpAKeHUA o6ecrneunBal MUHHMHU3ALHIO [apa-
IUTHBIX PAspPHI0B MEKAY TU1a3Moii, camiuiecpoM M
CKHMMEPOM, MEKAY CKHMMEPOM H BXOAHBLIMH 3il¢-
MCHTAMH HOHHOM OIITHKH, CYUWECTBCHHO YBCJIHYH-
BaJl MHTCHCHUBHOCTDL MaccC-CHEKTPa M YMCHBLLIAJ
MHCTPYMEHTANLHBLIH (boH. [Tpu aTOM BeMYMHA O11-
THUMAJbHLIX [IAPAMETPORB HAIIPHKCHHUA CMCLIEHUA
3aBHCEA 0T MaMerpa arncprypsl caMiuiepa. Herov-
HUKOM 8TOI'0 HAIIPAKREHHA MOT ObITE COOCTBCHHBIN
IeHEPATOP IUIA3MbL MIIH €10 AHAJIOT, PACIIONATACMbLI
CHAPYIKH crieKkTpoMeTpa (6, 136].

OmicaHo npuMeHeHue 30 % 9TIHICHIIMKO/LA BME-
CTO BOAOIPOBOAHON BOABL! 1 OXTARACHHA MHTCP-
(peitca m mHAYKTOpa 10 12 °C ¢ MCnonb30BaHHEM pe-
CYPCOB BHYT pCHHI’.‘ﬁ I{pI'IOI‘CHHDﬁ CHCTCM LI, AHULIKO10
aproHa u3 cocyaa [Jpwoapa JUig IHTaHnH 1UTa3MCH-
HOM IM'OpeJIKH, PACIILUIAKLLIETD aproHa Uik yiipasice-
HMUH BaKYYMHOI 388K KOH HHTEepdeiica [70].

Ocapaxu B nETe pdeiice
Tlpouece TBePAODA3ZHOr0 OCANACHHSA B OTBEPCTH-

4x MHTepdeiica, AMCTAHLHPOBAHHBIX APYT OT ApY-
ra Ha 6.1 MM, B npolecce oT6opa 1a3Mbl pasind-
HOI'O XHMHYECKOro cOCTABa [IPH ITHEBMATHYCCKOM
PACILLICHHH PACTBOPOB HCCleoBaH B [46,47]. Ilpn
ATOM KOHTPOJIMPOBAIIM X0 HAKOILICHHSA 0CATKOB B
OTBEPCTHAX W COOTBETCTBYIOLIME H3MEHCHHMH NX
JMAMCTPOB, YPOBHS BaAKyyMa BHYTPH MHTepdeiica
M CIIEKTPAILHON HHTEHCHBHOCTH. BbIJIO yCTAaHOB-
JICHO, MTO MCIIAIOUICE BIHSHHE H3Y4aeMOoTO TIPo-
Lecca npoARIoch MaBHbIM 06pasoM BHYTPH anep-
TYPLI cBMIUIepa BCJICACTBHE ¢¢ CBOMCTBA Y/IABIH-
BATL 3HAYHTE/ILHOE KOJIMYCCTBO 0CAJAKOB, YMEHDb-
A OHX [IPOCBET U [TPOITYCKHY10 cOocobHOCTh 0T
pepetHs. OcamieHue Ha CKHMMepPe IPOUCXOAMIIO
MPEUMYLUCCTBCHHO Ha Cro BpPELUHE CTOPOHE, je-
JIAA Cro, KaK [1PaBsiilo, MCHEE YyBCTBHTEIbHLIM K
paccMaTpHBACMOMY BIHAHHIO,

HauGonbmyo CKIOHHOCTL K TBepaohasHoMy
OCAMCHMIO U3 THCJIA UCCIeIOBAHHBIX 3JIEMEHTOB
npossiian Al, Cau Zr, Haumenbiyio - Na u K. Oror
[1poLeCce B HAYaIbHOH CTaiuH pacibUIeHHMH PACTBO-
pa, copepmauyero 1 r/n Ca, 3aBHCe)l B HEKOTOPOI
CTENECHH OT BEJIHUYMHBI HAPYKHOTO BEPUIMHHOTO
yriia KoHyea camiviepa (97-180°). Yron 160° 6o
Hanbosuee oUTHMAILHBIM,. T1py 9TOM BHYTpPEHHHWH
yrou 6uut 105°%; orBepeTHe caMiniepa UMI0 0CTPBIC
kpomin ¥ gtdy 0,05 mm. INpy NOBBILUCHHH KOH-
uernTpauuid Ca min Zr 10 4 1/J1 BIMSHNE HAPYHKHO-
royraapceueaano. CKOpotTh OCANUICHUA MAaJa1a IPH
[IOBBILLIEHHH MOLIIHOCTH 1aamet (0.8-1.5 kBT) 1
BO3pacTaIa IpH YBEJIMYEHUH PACX0Aa TPAHCIIOPTH-
pytoutero aproda (1-1,5 41/ MHH), HO HE3HAYRTECIIb-
HO. ABTOpPbI 00'bHCHHJIM 3T0 COOTBETCTBYIOLLIMME
HM3MCHCHUAMHN ANCTAHLIMH MCAULY HAYANLHOM 13-
JIy HAIOLLICH 30HOH IU1a3MbL M CAMILIEPOM.

MNokasaxa HU3KasA s¢rperTnBHOCTL H30ABICHUA
OT «CO3PEBLIErOr KAILLKCBOIO OCcalKa B CaMIUIepe
IYTCM PACHBUICHUS B 111a3MY JICMOHU30BaAHHON
B0kl C LLC/IBLI0 YMEHBLLICHHA HHCTPYMCHTANLHOIO
Apeitda, cBA3AHHOrO OCAM/IeHIEM B MHTepdeiice,
aBTOpPbLI 00CYAWIM BOSMOMKHOCTL OPraHH3aLum Ai-
HAMHYMCCKOTO TICCBMOPABHOBECHH MEHKILY OCaMLe-
HMEM M yialcHueM uHTepdeicHbx ocajikos 6e3
BLIKJIIOMECHHA 1U1a3MBbL 1IyTeM 110A00pa Ha/icKalie-
ro fasiaHca BPEMeHH PacibUICHUA 11POGIEMHBIX H
HPOMBIBHLIX pacTBopoB. Posib aJreanu M XuMmuycce-
KHX PEAKLHIT HA IIOBCPXHOCTH KOHYCOB MHTEp(Cii-
CAaBTOPLI HE pACCMATPUBAJIH,

O MOJICKYJISIPHOM COCTaBe 1 CBOHCTBAX HHTEP-
cheiicHbIX 0CAIKOB OT COJICBBLIX PACTBOPOB N3BECT-
HO HEMHOTO, KPOME HPeAIIoJIoReHHA 00 MX OKCH/-
Hoii hopme [31, 40, 43, 48]. CooTBETCTBYIOLLIHX
HeeseA0BaHMIE Torga HHKTO HE TPOBOANIL.
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IMpuMeHeHHE PA3NTHYHEIX M'A30BRIX CMecei

HoGasnenue 5-20 % aszora k aprosy B nepude-
puiiHOM KaHane ropenku ELAN 250 sHauuTensHO
ocnalbiaa/Io HHTEeHCHBHOCTE OKCHIOB aHAJIMTOB (Ha-
npumep, La0*). a Tar:e (OHOBBIX KOMIIOHEHTOB
ArO*, ArOH", Ar,*, ArCI* u ClO". [Ipu 3TOM HHTEH-
cuBHOCTL Zn*, Ge*, As*, Sr*, Y*, Zr*, Ru*, La*, a Tax-
we N*, N,*, NO* n ArN* BospacTana, HO HCOJlHHaKO-
BO M TOABLKO npu 1,3-1,55-kpaTHOM yBeIHUYCHHUN
pacxopa TpaHclopTHpyoLero aproHa. [oenegHee
6bu10 HeoBX0AMMO JUTA KOMITeHeauH Habropaemo-
ro yMeHbIIIEHUA BHEIIHUX Pa3Mepos IUIasMbI M ee
COOTBETCTBYIOLLEro YAaNCHHA 0T CaMIuIepa. YBEIH-
yeHHe yOHHbI IU1asMooTO0pa (paccToAHHUE MEHIy
BBIXOAHBIM BUTKOM HHIYKTOPA U COMIUIEPOM) B ITpe-
Aenax 8-12 MM NMOHMIKA0 CHEKTPAJIbHYI0O MHTEH-
CHBHOCTE AHAIMTOB.

Odderr pobapnecHUA BO BHELIHHI 110TOK apro-
Ha 210 8 % Bo3ayxa 6 oueHb nnoxoxiMm, Hattporus,
3 PerT HPHCYTCTBUA TAKOTO HKE KOINHYECTRA KHC-
JI0po/ia BO BHEIHEM ITOTOKE aproHa VIS repeyMc-
JIEHHbIX aHATHTOB ObUI IPAKTHHECKH HE3AaMETHbBIM,
3a HCKJIOYCHHEM poCcTa HHTEHCUBHOCTH OKCHIIHBIX
HMOHOB.

HobBasnenue 20 % a3oTa B pacibUIHIOLHH aProH
HECKOJIBKO YMECHBIIAJIO cTabMIBHOCTL 1UIA3MBL U
3aCTaB/IAJIO YMEHLIIATL PACX0/ 3TOH CMecH s
NOCTHIKEHNH MAKCHMAJIBHONH HHTEHCHBHOCTH Tet,
Cs*, Ba* i La*. [To cpaBHEHHIO ¢ aprroHOBOM 111a3-
MOM BBIMIPBIL HHTCHCHBHOCTM MMEJI MECTO TONBLKO
ANiA TPYAHOHOHH3YEMbIX 3JieMeHTOB THa Te. Tlpu
aroM Habmonany ueyesHoseHHe LaO* 13 enekTpa.

YpenuueHHe HHTeHCHBHOCTH HOHOB aHAJIHMTOB B
MPUCYTCTBHA a30Ta aBTopkl 06 bACHAN Haboaae-
MbIM [IOIaBACHHEM HX oKcnioo6pa3oBanud u 6osee
adderTHBHON HoHH3aUHeN TPYAHOHOHH3YEMbIX
aneMeHTOB (Zn, As, Te) BaieacTRHE MOBBILLEHUA
TCMIICPATYPHI I1asMel, nepeHoca sapsaaa ¢ NO*Ha
aHAUTELI M CBA3LIBAHWSA UMEIONIErocH KHClIopoja
a30ToM.

TMpucyTcTBHE a30Ta B aproHe WHOTra yBeIHYH-
BaJio PpoTOHHLIH (PoH, (BO3MOXKHO U3-3a BOSHUKHO-
BeHHA TJICIONIEro paspsasa B uaTepdeiice), oT Ko-
TOPOI'o MOKHO 6bLUI0 H36aBHUTLCH YBEJIMUCHHEM pac-
CTOSHUA MEKAY KOHycamu HHTepdeiica [93].

HebGosnbiuoe (10-37 mu1/MuH) nobaBlicHHe KCEHOHA
B PaclbLUIHIOUIMNA apToH  BLIZLIBAIO SHAYMTEILHOC
YMCHBLUCHMC MeLIALMX (POHOBLIX HOHOB N,*, HN,*,
NO*, ArH*, C10*, ArH* n ArO*, 4yTo cyliecTBeHHo 06-
JICMYAJIO aHAIMTHHECKOE IPUMEHEHHE HOHOB 285i*,
2084+, WK+, $IK*, IV, BCrt, MCr*, MFct u %Fet [98].

Jobapnerue 1o 3 % Boaopoaa B pacibUIHHIIKII
AProH [Py UCITOJIB30BAHW M KPHOTEHHOIH Aeconbpa-
TAUHH YBETHUHMBAJIO CHIHAJI La*n YMCHBLLIANO CHT-
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Hau LaQ*. Bea geconbBaTaiy BIMAHHE BOJOPOLA
BBUIO MPOTHBOITONOKHBIM [51],

TlokazaHa BO3AMOXKHOCTE YMEHLUICHHH OTHOIIE-
HUA HHTeHcnBHocTeit UO* /U e 1 1o 0,06 % (B cay-
4Hae IPUMEHEHHA KPUOTeHHOH JleconbBaTallMK) 10-
6asneHnem 0.1 % aLeTiieHa B paciibUIAKILIMA ap-
FOH. HO, KAK BBIHCHUJIOCK, HE 3a cyeT obpazopaHus
UC*. TIpH 3TOM ITPOHCXOAHIIO YBEJIHYEHHE CHIHAJIOB
COr. CO, u ArC*, cBHACTCILCTBYIOLICE O PasiioKe-
HUM aneTHieHa: otHoweHne LaO™/La’ ocTasasiocs
HCHM3MeHHLIM. Ocaxgianuuiics Ha caMruiepe ae-
THACHOBBII YI/ICPOA YAQIANIN KPAaTKOBPECMEHHLIM
pobasnenneM 1 % KHMOJIOpoAa B LIEHTpalbHBI Ka-
Has ropenku [52).

TpH aHANTH3C OPraHUYECKUX PACTBOPHTEICH aTa-
HOJ Tpe6oBaJ HellePpepLIBHOTO, & alleTOH ePHOAH-
geckoro jJoGasneHnsa kuciopoaa (1-5 %) B pacnsi-
JIFKOLLLF aproH JUIH ITPeAOTBPALLICHUSA OCAXNICHHHA
yiuicpojia Ha camiviepe. [IpH 3ToM KMCHOPO YCHITH-
BaJl HHTEHCHBHOCTL HoHoB CO*, CO,*, ArCt, ArO*,
La* 1 U*, Ho He LaO* 1 UO* [53].

OpHaxo gobasnenue 2 ji/MHH KHCJIOPO/Ja B ap-
roH A 60pb0Ll ¢ ocamACHUEM Cakil Ha KOHycax
HHTEpdeiica NpH aHATH3e OPraHHYCCKUX PacTBO-
pUTeneH MOKET 3HAYUTCILHO COKPALLaTh CPOK
cty:x6b1 camiutepa |32).

XapaKTepPHCTHHKA FOPEJIOK, MOMEITKH

MOEePHHIAMIH

ELAN 250 xOMILICKTOBAIM YITHHEHHON TLIa3-
MCHHO# rope/koit. paspaoTaHHoi B DMCKOH na-
GopaTopnu Altosckoro yuusepeurtera (CILIA) [16, 20,
26,46, 48,49,51-53, 65-67, 70, 72, 78, 80, 96-98,
120, 122, 124, 128, 130-132]. OxHako, 4acThb
nons3oBaTeseii aroro npubopa oTaABANH TPENITON-
TeHHE OBLIMHBLIM ATOMHO-3MMCCHOHHLIM ropeigram,
KOTOpbIC GbUIH KOPOUE HA3BAHHOM Ha 15-20 MM [16,
34-36. 38-40, 54, 55, 61, 62, 64, 68, 81. 89, 95,
113,119, 120, 123]. PekomcHOBaHHAH (PUPMOI 171y-
GuHa 1wasMooTdopa (PACCTOHHME MCHKILY OCTPHEM
caMIviepa 1 GIHKaii M BUTKOM HHYKTOPA) C yUIH-
HCHHOI ropesikoii coctasnsana 31 mm [16). Ha nipak-
THKC 3TO PACCTOAHHE MEHAIN B 1Tpeaenax 15-27 Mm
[26.48.49,51-53.65-67. 72, 80,98, 120, 124, 128]
A AIMHHOIN 1 10-21 MM 2uis yRopoyueHHo# [34-36,
38. 54, 55, 61. 64, 68, 113, 120, 123] ropenok. C
KOPOTKOH FOPEJIKOI yMEHLIIEHHE ITyOHHBL IUIa3MO-
orfopac29 10 17 MM YBEIHUHBANID HHTEHCHBHOCTDb
Li. Na. Rb, Cs. V 1 Mn, Ho mano iuano Ha Zn u Cd
[16]. MNonobHoe HecicioBalue B MHTEpBane 5-25 MM
rokasaJio 6s1skHe pesynsTaTel [ 1 19). ABTOpBIYCTa-
HOBIWIH, 4T0 ONTHMAaLHas nybuHa rriasmootbopa
pasHa 15 Mm. Ec ymeHbureHue 10 10 MM 1 mMeHcee
MOTJIO JIABATL BHIMIPBLINT B HHTCHCHBHOCTH PAAA
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ANCMCHTOB, HO VMCHDBLUAMO CPOK ciyHBbl MEAHOTO
caMIuiepa.

YenewHsle MCIILITAHHA IPOLUIA caMoIe/IbHAd
HCCTaH/AapTHaA (C 9CThIPbMA COOCHBIMH BLIXOAHbI-
MM TpyDRaMM) ropenka, OTIHIAIIasAcHd BOAHHIM
OXJIaRJEHHUEM BBIXOJHON YacTH, obecnevnBaonmmm
paboTty ¢ MomHocThio tasMet 1,6 kBT, 1 yropoueH-
HbIM MHAKERTOPOM, OKPYHCHHDBIM AOHOJIHU T LHOIM,
Gosree IWIMHHOW TPYOKOI. Y3KHi 3a30p MEHAY HUMH
CITYHEWI JUTH BHCIUHCTO 06yBa HHIKCKTOPA 401101~
HHUTEIBHLIM ITOTOKOM ApI'OHA M eIy POBAHWA CKO-
POCTH TPAHCIIOPTHPOBAHWA A3P030JIH HE3ABHCHMO OT
pacxoia pacnbUIHIOILEro rasa [45].

IMoxo6Has, Ho 6e3 BOAAHOIO OXJIAMJICHHSH, TOPE-
Ka ¢ IBYMH BHYTPEHHHMM COOCHBIMHM MHAEKTOpa-
MH HALIA HPUMEHEHNC 18 0JIHOBPEMEHHOI'0 IBYX-
KaHaNLHOI0 BBEACHHH B ILIA3MY PASHOPOIHLIX BE-
LIECTB: MKUAKOCTHOIO a3p0o30is (110 3a30pY MEHITY
BTHMH HHKCKTOPAMM) M ITPOAYKTOB JlagdepHoit abuisi-
uuH (110 HEHTPANBLHOMY, YKOPOYeHHOMY Ha 1 oM
HHKEKTOPY). DTO JaBajio BO3MOKHOCTE [IPUMEHEe-
HUA JKHAKOCTHOH KOHIICHTPALMOHHON Kannb poBKrM
JUIA aHanmksa TBepasix o6pasion ¢ HPHMEHCHHEM
nasepa [130].

lopenka ¢ yBeTHYEHHBIM 10 7 MM BBIXOJHBLIM
OTBEPCTHEM MHIKCKTOPA, ITPOITYCKAIOLLIMM B IU1asmy
CYXHE OCTATKU PACTBOPOB Ha NOUI0HKAX, HCI10IL-
sgopaHa B [104-106].

TNoJC3HBLIM YyCOBCPLICHCTBOBAHACM ABHIIACH CH-
CTCMA TPEXKOOPAHHATHOO [MO3ULMOHUPOBAHMSA I'0-
penkn [39, 62].

Bs160p MOIIHOCTH IUIA3MBI

B 1985 r. 66110 3aMeYeHO, 4TO (DOHOBLIN BHIAJ
HOoHOB ArQ’ B HHTEHCHBHOCTL HOHOB Fe* 1tpu Mo -
HocTH 11asMbl 0,85 kBT 3aMeTHO MEHBbLIE O3KHAA-
emoro (29, 91]. Pescim, 1oy HMBILIHI HA3BAHKE "X0-
JIOAHOMI" M1a3MBI, BRINOUAKOILUHA [HOHMHKEHHY IO 10
0,75 kBT MolHOCTE reHepaTopa, yBeJIMMEHHBIE 110
1.6 I/ MHH pacxo/ TPAHCIIOPTHPYIONILEIO aproHa 1
110 35 mm uyGHHY wiasmooriopa, 66u1 HCH0/IL30BAH
Ha ELAN 2508 1987 r. [73.108]. Takoii peacim obec-
[ICHIJT 3HAYMHUTEJILHOE 0cNab/ICHHAE CHCKTPATIBHDBIX
AProHOBLIX [IOMEX, JABIICC BO3MOMKHOCTE OITpeje-
JISHHUSH H30TOIHOTO orHomeHua ¥K /Y K B pacTiopax,
PACIBUIACMBIX YJILTPASBYKOBLIM C110C050M € OCYLIE-
HHEM aspo30Jisi HarpesoM j1o 240°C. Astoput [73]
BLIPA3HITH COMHCHHE B BOBMOIKHOCTH JIOCTHIKCHWUH
TaKroro s(hHeKTA IPU MCHIOIBLIOBAHHN APYTHX CXCM
HUTAHUA MHAYKTOPA, MCHCC CBOBOAHBLIX OT BTOP Y-
HOrO paspsja MexAY 11Ia3MOH 1 COMILIEPOM, [Tpe-
HATCTBYIOWCTO 0c/ab/IeH 0 MCLIAKLIETO BIAWHHHA
aproda. O6paTiim BHUMAHAC M HA HCLOCTATHI 0X-
JQKACHHON [J1a3Mbl: MCKPHBAEHHME IPaJyHPOBOY-

HOH 3aBUCHMOCTH KaTHH 110 MEPE POCTA €0 KOHLIEH-
TPALMM H3-30 CAMOACIIPECCUH H 3HAYHTC/IbHEIN
MaTpHYHBI 3 e KT HATPHA.

lNokasaHo, 4TO YBEJIHYEHHE MOIITHOCTH IUTa3Mbl
Jo 1.7 kBrocnabnano MHTEHCHBHOCTb Mea o mimMx
MCTAJUIDOKCHAHBIX MoHOB P3O 1 Th, oueBugHO U3-
3a YMCHBLICHHH BEPOATHOCTH MX o0pasoBanus [45].

O BO3MOAHON HECTAGIMILHOCTH ILTA3MbI [IPM MOLLL-
HocTax meHee 0.8 u Gonee 1.5 kBt yrasauos [111].

OaHako HaubobLICEe TPUMEHEHHME HaLlen gxa-
mazod momHoeTH 1,0-1.3 kBT Kax Hanbosnee onT-
MaJTLHDBIH,

PacnsUTHTENbL IPAMOrO BBEAEHUA SHAKOCTEH

YernemHbie HCHBITAHAA PACIBUIHTENSA IPAMOro
BBeeHns skugkoereit (DIN) B mnasmy ELAN 250
cocroanuen B 1990 1. PacibuidTennh COCTOAN MX IBYX
HOHLUEHTPUYCCKUX TPYBOoK. BhXoaHasa YacTh BHEL -
Hed TpyOGrn (uHOolM 15 MM, BHYTPCHHHEM AUaMeT-
pom 0,25 mm) Obuia BLITOJHEHA U3 HEPHKABCIOLIECH
cTati. BHyTpH aTOH TPYOKH pacIiojiaraiy ¢ 3a30poM
HHAKOCTHON KBapUEBbIH Kauigp. PacnsumMTeb
YCTAHABJMBLIN BHYTPH HHIKEKTOPA [UIA3MCHHOM
ropefRH Tak, YTO €ro KOHell HEMHOro BRICTYIIal
Hapyxy. BbIXoAHOH KOHEI IHHIKOCTHOIO KAITHILIA -
PAa TOME HEMHOTO BLICTYIA] M3 CTANLHON TPYBKN.
H3-3a y300TH ra3oBoro 3asopa i 1PocBeTa MHAKO-
CTHOIO KAlIHIIAPA I'a3 M aHAIM3HPYEMYIO SKHWIKOCTE
IIOAABAIH K PACIHBUIMTEIO C ITOBBLILLICHHBIM AaBJjie-
Huem. OTCYTCTBHE B 3TOM CIIYHAC PACTILUIHTCILHOH
KaMepbl 0GeceYHBAIIO ITOJIHOE HCIOAL30BaHKE 06-
pasuoes n oreyTeTBHEe sthderTa XMMHIecKkoil nama-
TH. Hanpumep. BpeMs IpOMbIBAHHHA CHCTEMBL [10C-
JIC AHANK3A PTYTH corpaTiiocs ¢ 10 muH g0 15 c.
Ipu coueTavun cXpoMaTorpadguuecKkuMu cucTema-
MH PACHBUIMTEL HCKITIOHAJ YIUHMPEHNUE PErHCTPHPY -
EMBIX [IMKOB, 4TO NoBbilano HabiosaeMoe paspe-
ureHne eneuuduvecknx Gopm 3IEMEHTOB.

OaHAaKO 3TOT PACTIBUIHTCIL CTOUT CYLICCTBEHHO
A0porKe 0OLIMHBIX ITHEBMATHYECKIX, HE ITPUTOACH
JUIS PaCbUICHHS BBICOKOCOICBLIX PACTBOPOB, HYIK-
JIACTCH B IAa30BLITECHAIILEM HACOCE C TPOTOYMHO-MH-
HEKLMOHHON CHCTEMOI U151 BBCACH NS dKHUIKOCTEN 1
IOBLILICHHOM JaBJIEHHH aproHa (38, 54, 55, 113].

Ocynienne adpo3ons

Buicoras apPerTHBHOCTL 0caabaeHUs JIIRO-
CTHON HArpY3Kn Ha rasmy ELAN 250 ¢ noMoursio
OCYLUECHHA a3P030J1H YILTPa3BYKOBOr0 PaCibUIHTC-
s U-5000 (Cetae Technologies) npn ananuse He-
OPraHHYeCKUX H OPraHHYeCcKHX MKUAKOCTEN HoKa-
saHa B [51-53]. [lporouHas ocylIHUTEIbHAA CHCTE-
Ma COCTOAJIA U3 [OC/eA0BaTESbHON LIEITH Harpesa-
Tead (140 °C), neproro (0 °C)m nroporo (-80 °C) kown-
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LEHCATOPOB M KpHoreHHoro yerpoiictaa Cryocool CC-
10011 (Neslab). Iocnegnee npeacrasasino coboli ro-
PH30HTAILHLIA 3-BUTKOBLINH 3MEEBHE, KAMK LI BU-
TOK KOTOpOro 6bU1 HAIIOJIOBHHY X0JIoAHLIM (-80 °C),
HAITONIOBHHY - ropauum (140 °C). 3o gocTuranocs
pa3MelneHUeM HUEKHCH YacTH 3MEeBUKA B BAHHE ¢
abCcoNOTHBIM 3TAHOJIOM H 3JIEKTPOHAIPEBOM BEPX-
Hel vacTi. Ipoxoas yepes BCIo CHCTEMY. a3po30ilh
MHOTOKPaTHO NOJABEPIaICH HArPEBY M OXJIAKACHHIO,
[I03TOMY [PHCYTCTBYIOLKHE B HEM PACTBOPUTEH
[OOCPEAHO HCIIAPAINCE M KOHACHCHPOBAJINCD, 110-
CTENEHHO H [TOYUTH IOJIHOCTBIO HCYe3as U3 ronaja-
OIMX B [U1a3My HacTHll. B pesysibTaTe 1pH aHa M-
3¢ BOAHBIX M COJIFHOKHMCIBLIX pacTBOpoB Habmonanu
3HAMUTEILHOE IIOHHKEHHUE CIIEKTPAJILHOW HHTEH-
CHMBHOCTH MATPHYHLIX OKeHA0B 1 xopuaos (CaOr,
MoO*, LaQ*, ArO*, ClO* 1 ArCl*). laHHas cucTema
TIOBbLILIATA AHATHTHYECKYIO 3D P erTHBHOCTD 11pH-
Gopa, Ho TpeGoBania HEKOTOPOro YBEIUYCHUH pac-
X0Ja TpaHcHopTHpylowero aproxHa (go 1,8 1 /mMuH),
BPEMEHU JULH CBOCH IIPOMBIBKH K OKasaiach Head-
perTHBHON An1A n30aBiieHUA a3po30Jid OT CEPHOIT
KUIoTHI [52].

HemHoro noasie ata cicrema Obula HCITOJIb30Ba-
Ha 118 ocBoboNAeHHA a3P030Jid OT JIErKONeTYYHX
OpraHHYeCcKHX PacTBOPUTEICH ITPH aHATH3E BbICO-
KOUYUCTBLIX METAHO/A, ITAHOJIA, AleTOHA MM alle-
TOHWTPHJIA, HCMTOJIL3YEMBIX B ITOJIYTPOBOAHUKOBOM
ITPOMBLIUICHHOCTH. HeobxogumoceTs AecoibBaTalvi
A3P0O3074 B 3TOM cJiyuac GbU1a BbI3BAHA HCBO3MOMK -
HOCTLIO IPAMOIO AHAJIM3A OPraHHYCCKHX HHAKO-
cTell U3-3a 3aKYHOPHBAHWA OTBEPCTHA caMIuiepa
YTIepPOAHONH Maccoi M roracaHmd Iasmit. OCHOB-
HYHI0 HaCThb [IEPEHOCHMOM OPTraHMKH, BLIXOALICH U3
VABTPA3BYKOBOI'C PACILUIMTENSA, CPasy OTAC/IAIHN ec
KOHAEHCcaluKen B ApeHupyemoit TpybuaTtoit nerie,
oxslancaemMoii “cyxum anaom” (<77 °C). Haviee aspo-
30Uk [IOCTYTIAN B BLILLICOTTHCAHHLIH 2-TeMIlepaTyp-
HEIM 3MECBHK, ropAYas CTOPOHA KOTOPOro B 3TOM
cnydae umena Temieparypy 100 °C, u asurancs
YEPE3 HETO, MHOTOKPATHO IMOABEPTaAch Harpesy M
oxnamjieHuio, [loropsamHiica NpH 3TOM Harpes
[IOTOKa CBOAWI K MUHUMYMY 0GpaTHY10 KOHACH A~
LHIO JICTYHHUX OPraHHYecKHX MapoB Ha 4acTHIax
a3po30J/18 B X0JOAHBIX yHacTKax smeesHka. M3 ne-
PEYHCICHHDBIX PACTBOPHTEICH 3TAHON M B MCHLUICH
CTEIECHW AUCTOH BCE-TAKK HEMHOTO [POHUKAJIH B
1U123MY M OCTABJIAJIN HA CAMILICPE YIVICPOAH LI HA-
JICT, YBCIMHHBAIOLWMA APeid) aHANTHUYECKHX CHI-
Ha/10B, Bo uafemanue 3Toro K TpaHciiopTHpy KoLLC-
My aproHy HEIephIBHO B ClIyHae aTaHo/a Hiu 1e-
puoguuecki (Hanpumep, mo 30 cex B Kamabie 2 uaca
paboTsl B cayuae aueroHa) pobasiany HEMHOIO
ruenopoaa (1-5%) vyepes T-o0b6pasHyio BCTABKY, 3aK-
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pEIUIeHHYI0 Ha BXOoJE B ropenky. O6pauiau BHIMa-
HHC Ha HCOOXOAHMOCTE COOIIOAEHHA MEP IIPOTHBO-
HOKapHOH HE30MaCHOCTH ITPH aHANIU3E OPraHiyec-
KMX PACTBOpPHTENEH, a Takxe Ha 9P PerT XuMmuyec-
Ko# nmamsTH Nb, Y 1 Co B ciiyuae Hx HaXo#sIeHuA B
OPraHHUYCCKUX PACTBOPHTEIHX B (hOPMC JIETY X Op-
FrAHOMETAIINYCCKIX coequHeHni | 53],

Hcnons3osanie OPOTOYHO-HHIKeKITHOHHLIX

CHCTEM

OnmcaHbl yeTporeTBo 1 paboTa pasiMyHLI KU -
KOCTHbLIX IIPOTOYHO-MHAEKIIHOHHBIX CHCTEM H HX
cornacopanue ¢ ELAN 250, enymanium sneMeHT-
HBLIM M M30TOMHBIM JIETEKTOPOM. B UX uHce cucre-
MBI JUIH FHAKOCTHOIO ITHTAHWA PACIILUIMTEIIH ITPH-
MOro BBejeHHS [54], pazbaBneHus AaHAIMBHPYEMbBIX
KHKOCTEH pacTBOpUTENsiMM [39], MaoTolHOTO pas-
GapsieHns [ 132, 137, BBeACHMSA BHYTPECHHCT'O CTAH-
papra [128], redepaumy ruapuiaos [56, 57,80, 111,
138] 1 neryunx okenpos [ 1 16], xpomaTorpadnu ka-
THOHOB H aHHOHOB ¢ ofpaitennem daaz [72], BbI-
cOKO3(D(PEKTHBHOI pasMepHO-3KCHIFO3MOHHOM XPo-
maTtorpacduu [127]. kKosoHouHolt xpomaTorpaguu
¢ pPadIMYuHLIMH KATHOHUTAMH H aHHOHHTaM#u (48,
68]. c KaTHOHOOOMEHHLIM MeMOPAHHBLIM KAPTPH/L-
sem [50].

Harpumep, npocred iy, JeIUeBbii, HOPTATHB-
HbIi1, paboTalowmii B ITPOTOMHOM PERHME F'eHepa-
TOp razoofpasHelx rmupnaos As, Sb, Se, Te, Sn
Bi, npeaHasHaydyeHHbIA I8 X BBEJEHUSA B IL1a3MYy
ELAN 250, ommcan 8 [138]. Feneparop upeacran-
nsan coboit HeGONBLILYI0 CMECHTCALHYIO KaMepy
T-o6paanoii GopMel ¢ ABYMSA BXOAaMH Juisa Goprij-
PH/IHOTO M aHAJIMBHPYEMOT'0 PACTBOPOB U THAPH/L-
HBIM BBIXOAOM, IPHCOCAMHACMBIM K 3 KHIKOCTHOMY
BXOJY ITHEBMATHYCCKOTO pacnbuiMTens Meitixap-
ja. [is MCIINOUCHHA HOIAAAHWS B [L1a3MY COLLyT-
CTBYOLLETO dHAKOCTHOO a8P030JIH, aBTOPLI YBEIHM-
UMM AHAMCTP M JUIHHY BLIXOIHOTO KOHLIA paciibl-
JIMTEJIH HACTOJIBKO, YT0 BMECTO a3PO30JIA OH ITPOU3-
BO/IMJI TOJILKO KPYITHBIE Karluiy KHAKOCTH, JICTKO
yAajlseMbIC Yepes ciuB kaMepsl CrorTa,

s coeIMHEHMA JIBYX MTOTOKORB MMAKOCTCI Ha-
UM [IPUMEHEHHE MHHHATIOpHBIC T-06pasaue 1py6-
YATBLIC BCTABKH, IPHCOCAMHACMBIE KO BXO4Y pac-
nnmTesen [ 128, 132, 137].

CpepcTea BBefieHHe TEepaodasabLIx 00pasnos

JLis pACLUMPCHHA AHANUTHHCCKHX BOBMOMNKHOC-
Teit ELAN 250 necie JoBATH HECKOTLEO BAPHAHTOB
BBCACHHUA TBC]JAD(‘)E\SHMX uﬁpar-su.uu B Cro HCTOY-
HIE noHoB [103].

OrenepuMeHTsl 1986 1. 110 BBEJCHUIO B IU@3My
AOZHPOBAHHLIX CYXHX OCTUATHOB PACTBOPOB, paciio-
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JOFKEHHLIX HA ABOHHON HPOBOIOMHOH HETAS 13 BOI L~
hpama, NOKAZAIN BOZMOKHOCTL CYILECTBEHHOTO
CHHHEHUA Tpeacios obHapyskenna M, As, Pb, Cd,
Li, Ag 1 Cu 110 CPABHCHIIK € ITHEBMATHICCKUM CII0~
cobom [139, 140].

HeMmHoro nmoasie 0IHcaHo yIpaBisge Moe KOMITLIO-
TEPOM MCXaHUMECKOE YCTPONCTBO HPAMOIe BRoAA B
inasmy ELAN 250 MalibiX HOPLHA CYXHX 0CTATROB
PACTBOPOE, IOPOLLKOB M APYTHX TBEPALIX 00pasuos.
J1Is X PasSMEILCHU A M I0CTABEY B IIA3MY MCHO/ b-
30BAJIM LIJMHAPHYCCKHI (AnamMeTpom 6 ma) rpa-
(purroBelii wiH MeTaundeckuil (Mo, Ta) KoHTeliHep
€ ITOJIOCTBIO, A TAKAE IBYXBHTKOBYIO [TET/I0 AHAMCT-
POM 5 MM 3 BOJib(hPAMOBOI HPOBOIOKH TOILIMHOH
1 My, Takue KOHTEITHE P ¢ 00pasiaMH IO0YMCPE/HO
BBOAMIIM KBAPLEBLIM TOARATCICM B TOPEIIRY Uepes
BXOJHOMN LLUO3 M €€ LCHTPANILHLIT PACIIHPCHHHLIT
HHMKEKTOP ¢ BHYTPCHHUM AHAMETPOM 7 MM 10 yPOB-
HH HOCJIEAHCTI0 BUTKA MHAYKTOPA.

[Noayuaembie CHIHAIBI MMEJIW BHL OAHHOMHBIX
3ATYXAIOLLIMX MMITYJILCOB, AMIUTHTY/IA KOTOPBIX LOYTH
HE 3aBUCEJIA 0T PACXOAa AProHa B LEHTPAILHOM Ka-
HaJie ropedii (0-2 1/ MuH) 1 yBeInYHBANAach ¢ Poc-
TOM MOLIHOCTH 1U1a3Mbl [ 1,25- 1,5 kBr). Muerpynen-
TaJibHbL oH clieRTpa He upessiian 100 uvir/cer.
B ¢BABH € OTCYTCTBUEM BAHAIMEHPY CMBIX HOPLIHHN
00pasiUoB BOJALL i PACTBOPHTCIECH 1, CUCAOBATCIIb-
HO, X HeyHaceTHesm B (POPMHPOBAHHUN MELLAIOULIX
KAACTEPOB. NOJYHACMBIE CIERKTPDLL BLUIH CyLe-
CTBCHHO HPOLLE 38 CHCT 0eabae A HIH HOJIHOIO
MCHE3HOBEHUA PAAA MTOIHMHA0TOIHBIX [A30BbL1X, M-
TAJUIOOKHAHBLIX U THAPOKCHIHLIX MOHOB. [Tpubise-
HHE FOPEIKN K CAMILICPY HIH IIPHMEHEHHE POPLIIRH
C VUIMHCHHOH HApy»#iHoil TpyOKoil orpaHH4YMBaIo
KOJIMHMCCTBO BO3/yXa, MONAAGI0IIErD B [UIa3My M3
OKPYIKAOLLCH CPCIBL M yHACTRY IOLLCTo B 0DpasoBa-
HHM MCLIA LMK MOHOB, M 00CCITEe M BaI0 010/ HH-
TEJHBLHOE YIPOULCHHE CLICKTPoB, Bonee agiekrus-
HbIM OBLUIO PHMEHCHME YUIMHEHHOM ropeisd. Hpi
ATOM M3 CIICKTPa HCHEaN | 7 MCLIAIOLNX HOJIaToM-
HBIX HOHOB, OoJiec 3h(PCITHBHLIM CTANO HPHUMCHE-
HUE pAga NpobICMHbIX H30TOLIOB, HatpuMep, "'V s
XAopuaHoit maTpuue, 6aarogapsa ociaabieHnio
BCISO*. CHeRTpaIbHOE BIHAHUE KOHTAKTHPYIOLIC-
ro ¢ rpraamMol Matepuaia kodreiinepos (C. Mo, Ta,
W) M €ro [IEPEHOC B COMILIED OKA3AIHChL HeeyIe-
CTBCHHBLIMM,

HurepecHoii 0CoBeHHOCTLIO PACeMaTPHBACMOTo
criocofa okasaloch KapbuioohpasoBaHUE PHAA 3JIC-
mentos (P30, V, Ba, U u ap.) 8 rpaguroBom KoH-
TeHHEPE M PPAKUHOHHOCTL MCIAPEH A HCROTOPLIX
roMmnoHeHToB obpasuos. HKapOuioobpasosaHue 1o -
HOCTLIO MM MACTHYHD 00BODOMKAAN0 CHERTPLE 1
LW1A3MY OT [IPHCYTCTHITH CRAOHHDIX K HEMY SJICMCH-

TOB H MX [TPOH3BOAHLIX. D10, HANPHMCP. ITO3BOJIHII0
MCHOAB30BaTL HOH "Ge' s npueyTeTaiu Ce Oes Ha-
nomeHud ot "Ce?, H30aBHUTLCH OT ACHPECCHPYIO-
LICTO BIHAHHA VPAHA [IPU OMPEACICHMM JEr KX
npumeceit. TIpH He0bX0AMMOCTH OlIPeACIEHHA Kap-
OHA000PABYIOLIIX 3/1EMEHTOB V1A ITPCA0TBPALLECHHHA
HX CBA3BIBAHMA C YIICPOAOM ABTOPbI PCKOMEHA0BA -
A PUMEHEHHE (PTOPHIA HATPHUA B KAYCCTBE XH-
MHHCCEero MognduraTopa [104-106, 141].

ONMCaHBbl YCI0BUH H PE3YILTATL AHCKPETHOTO
BBLACHMA CYXMX OCTATKOB PACTBOPOB B 11ifasmy
ELAN 250 ¢ 11OMOLBIO CAMOAC/bHBIX YCTPOHCTB
IUIA3MCHHOTO U 3JeKTPOTCPMHUYECKOTO Harpesa.
CpeAn HEX PeHUEeBAS ITPOBOJIOMHAA NETH, BBOAM-
Mas B IUIa3My 4epes HHKeKTop ropeiuu [142], n
AHCTAHIHOHHBIC YeTpoiieTBa Ha Gase peHHUEeBoil
[143] uranranosoii [ 116]seHT (ToampHoi 0,05 My,
CMEOCTLIO B MIUT) I rpa]HTOBLIX HUTECH W 11aT-
dopm (11x5 mm) (112, 116, 144-146]. sarnoucH-
HBIX B IIPOTOYHOM KBAPLICBOM COCY/E Maioro obse-
Ma, COCAMHCHHOM ¢ TOPEKOT IOy METPOBOH TPYD-
Koit. D peRTHBHOCTE NepeHoca HenapaeMbixX 0C-
TATKOB AProHOM B 3THX ANCTAHLIMOHHBIX yCTPOIit-
crBax Joeruraia 80 %.

ECTECTBCHHO HALLIN IIPHMEHEHHC ¥ KOMMCP-
gyeckue rpadpurossie neun: CTF 188 (Thermo-
Jarell Ash) [102] n HGA 300 (Perkin Elmer) [147].
JUtA ogroi ua Hux [ 102) pononnurensHo onpobo-
BaH HCOBLIYMHBL C110c00 JI03HPOBAHUA PACTBOPOB:
HX pactbuiaiam B Harperyo ao 160 °C neys, nody-
HCHHBLIH ocTaTok gocylunpaiy npu 200 °C, oszo-
s pu 400 °C i 3aTeM HClIapAaiH B IU1aaMy Hpi
2200°C.

QcobeHHoCT HpUMeHCHUA nadepuoil (Nd:YAG)
abusaunK TBepabix o6pasuos npuseaeHsl B [ 120,
130, 133, 146, 148]. O6paiuecHo BHIMaHHE Ha BO3-
MOMHBLE HegoeTaTkl citocoba: HeeTabMIILHOCTL
AHCPIUK JIasepa, AcPORYCHPOBAHKC B IpoLecee
abJAHLMM, HCHPCACTABITCALHOCTL H PPAKIIMOH -
HOCTL MCIAPEHH#A, O1IACHOCTE HAKOIUIEHWH 0Caz-
KOB B CAMILICPE 1P BLICOKOH CKOPOCTH A0nsA1m
(120, 130].

Jpyruie HOBLUECTRA H NIOJIe3HbIE Pa3paboTKH

INokasana apdherTiBHOCTL codeTanmus ELAN 250
€ TEXHMKON CCAMMCHTALMOHHOIO Pasic/cHHs KO-
JIOMAHDBIX M APYTHX Y8CTULL IKMAKOCTCH B LICHTPO-
HCKHOM 1L0JIC € JUIH HECICAOBAHNA PACHIPCACHCHHA
XHMHUYECKHX AJCMCHTOB B BLIACHHCMbBIX (Ppakim-
x (149, 150].

C nomoupto ELAN 250 yenewmHo onpolosana
BO3MOIKHOCTDL HAMEPEHUA HOHH3ALMOHHOH TeMIIe-
PaTYPLL IVIA3MbL 110 YpasHeHuo Caxa npH npasiib-
HOM BRIOOPE TCPMOMETPHYCCKIX BiieMeHToB, Mewie-
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AOBaHO BIIMAHME HA HOHU3ALHOHHY10 TeMUICpaTypy
MOLIIHOCTH IJIa3Mbl, PAcXo/ia TPAHCIIOPTHPYIOLLErD
aproHa 1 nry6uHb! rvtasmooT6opa [124]. Yetanosne-
Ha BO3MOMKHOCTD OlIpee/ICHHA TEMITEPaTyphl U3
COOTHOINEHUA WHTEHCHUBHOCTEH OAHO3APAAHBIX
MOHOB META/JIOB M HX MOHOOKCHJIOB C MCITOJIb30Ba-
HHMEM aHepruu obpazosayud nocnegHux [107). Mpu-
MCHCHHE AMMepa Ar,'S KAUCCTBE TEMIIEPATYPHOTO
ceHcopa oricaHo B [102].

BoiasneHs! U cpefieHbl B TabnuLel noapobHbie
AAaHHBIE 06 OCHOBHBIX CIIEKTPANBLHBLIX (OHOBBLIX KOM-
MOHEHTAX MU HAJIOXKEHUAX, 3aPEerUCTPHPOBAHHLIX Ha
aTOM MpHG0ope, BOSHUKAIOIIMX M3 BOALI, PACTBOPH-
Tenel M Bo3ayxa [90]. a Takie 0 MELIAKOLIIX OKCH-
Iax, TMAPOKCHAAX W IBYX3apAAHbIX HOHAX DOJTLIIIHH-
CTBA AaHANIUTOE [89].

DopMy/IbI BEIMUCIICHHSA H YUeTa BRIAAA HCKOTO-
PbIX CIIEKTPAJIbHBIX HAJIOMEH I, O1TpoGOBAHHLIC HA
ELAN 250, npuseneHs! B [45, 95].

PaccemMoTpeHbI TPHYHHLL IOIPELLIHOCTCH [TPH He-
HOJIL30BAHHM cTIoco6a H30TOIHOIO pasbasiieH us V15t
aHa/IH3a [POAYKTOB SIEPHOTO AC/ICHHA M aKTHHOU-
A0B ¢ momowmeio ELAN 250, ceasanHbie ¢ addexk-
TOM AHCKPHMMWHALIMU Macc, HeJIMHEeITHOI XapaKTe-
PHUCTHROH AeTEKTOPA IPH BLICOKHX HHTCHCHBHOC-
THX (M3-3a N0TEPL, OGYCHOBICHHBIX MEPTBLIM Bpe-
MEHEM AETERTOPA), U300apHUCCKHMH HANTOMKEH M-
Mu. TTpeioKeH bl Cnocobul KOPPELIMKM 3THX TTOTPeLL-
HocTei [110].

O1nucaH HHTEPCCHLIH METPOIOr MYECKHIT HOAXOH
K OLIEHKE KA4yeCTBa PE3Y/IbTATOB OIIPe/Ie/IeHUA H30-
TOITHBLIX OTHOLIICHWIT CBUHLIA € IToMoLLbi ELAN 250,
MOJY4YEHHBIX B pasHoe BpeM#A 13 60JIbLIOro Koauye-
crBa obpasuos. Crioco6 ocHOBAH Ha CPABHEHHH
CYMM ¥ Pa3HOCTEN PesyIbTATOB UIH BLIOHpPaeMBbIX
nap o6pasuos, 0JHHUM H3 KOTOPLIX ABJIACTCH CTAH-
AapTHbii [109].

Briepseic o11po6oBaHbl ABa MCTOLA MHOMKKE-
CTBEHHOTO (BMECTO O6BLIMHOI0 OAHOMEPHOI0) KawtnG-
poBaHua ELAN 250: MHOMCCTBEHHON JIMHCIIHOI
PETPECCHH M PErPECCHI OCHOBHBIX KOMIIOHCHTOB,
MPUTOAHBIE IS ONPEACHICHHSA 3JIEMEHTOB B IPHCYT-
CTBHE HAJIOWEeHUH. I1pH 5TOM M3MEPHIOT MHTEHCHB-
HOCTH BCEX M30TOIOB (CEHCOPOB) AHANUTA, BHYTPEH-
HETO CTaHAApPTa H MHTEP(hepeHTOos 110 BeIGpaHHOoi
CXCME U HCTTONB3YIOT KOPPCASLIMOHHDBIC MATPHLLL,
IToT noaxoA apperTHBEH UIA MCIUNIOYEHHA BRIAJa
MCLIaILMX HAJIOIKCHWIT 1 THOJTYUCHHA NTPaBHJILHbIX
JAHHBIX, HALIPUMEP, B cliyvac olpclAe/eHHH Colep-
WAHHUA KaAMUH B npucyrerBun monubacna [100,
101], HMKeJIA B IPHCYTCTBHM M36LITKA KabLuA [96)].

TeopeTHuecku 060CHOBAHO U SKCIIEPUMEHTAIb-
HO ¢ rnomolibio ELAN 250 moaTBe picicHO HaIMYHeE
CBASH MCIKAY CTAHAPTHLIM OTKIOHEHMEM H3Me-
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PEHHIi. MHCTPYMCHT@ILHLIMHM [TapaMeTpaMu U
npegenamu obHapyxenusa ICP-MS, npegcrapns-
WIIeH HHTEPEC JJIA YIYYIICHUA XapaKkTePHCTHE
metozaa [151].

Onuecano IPUMEHCHHE rasoBsIX HOHOB *C' 1
“Ar; B KQUCCTBE BHYTPCHHETO CTAHAAPTA IS 110-
BLILIEHIA TOYHOCTH HaMepeHnii 40, 62, 152).

Tpemnonena komGuranms ELAN 250 c orrruyec-
KMMH CIIEKTPOMETPaMH (1poToTHIl ByAYLLCro Clek-
TpoMeTpa POEMS dupmet Thermo-Jarell Ash) ps
OJIHOBPCMEHHOTO MCHOIL30BAHUH ATOMHO-3MHCCH-
OHHBIX M MACC-CIIEKTPOB, NOAYYAEMbIX OT OJHOI
iaameHHo ropenku [ 153, 154].

B 1996 r. nokaszaHa BO3MOKHOCTL [[PHMEHEHNA
ELAN 250 BMecTe ¢ 3JIeKTPOPaCTBUIMTCILHBIM UC-
TOYHHKOM HOHOB BMECTO MHIYKTHBHO CBH3aHHOIT
rnasmet [155].

PaspaGoTaHbl «ropsvasi» KamMepa ¢ AMCTaHLH-
OHHBIMHW MAHUITYJIATOPaMM JU1H JIa3e pHOM abnaumu
[133] m nepuaTounsli GOKC AH ITHEBMATHYECKO-
ro BBCACHHA HUAKMUX ofpasuos [134], saurmmao-
niMe ornepaTopa IpH aAHAIH3e PaJHOAKTHBHBLIX
mpab.

C 1es1LI0 MOJIVHEeHHA BO3MOKHOCTH 06paTHMOro
NeperIoveH A UIH OfHOBPEMEHHOI0 NCITOb30BA-
HHUA AJILTEPHATHBHBLIX ((KUAKOCTHOIO M CYXOro TH-
110B) MCTOYHHKOB BBCACHIA 06pasuos B ruasmy Ges
octaHoBKH pabotit ELAN 250 npeanoskeH ycosep-
LUCHCTBOBAHHLIN BAPHAHT a3P0O30JILHOM KaMepbl
Crorra (aBoiiHoro npoxomsaeHns). Ominyue sak-
0MAIoCh B AOITOJTHHTENLHON TpyGKe (karan ans
CyXOoro aspo3oiif), BNagHHON Mexkay ABOHHBIMMI
CTEHKaMH KaMCPBI MEPNCHAMKYIIAPHO e¢ OCH, ITpH-
4E€M BLIXOAHOI KOHel 3Toi TPYyGKI KOHUEHTPHYHO ¢
3a30POM HAXO/MICH B BLIXOJHOM 1ATPYGKe Kame-
Pbl, & BXOHOH KOHEL[ PaciloNaraics BHC KaMepsl ¢
[IPOTHBOIOIOKHON cTopoHbL [116, 131]. Tloprarus-
HbIH aJalrTep TaKoro Xe HaaHavuCcHWA, npucoenm-
HACMBIM KO BXOAY IIA3MCHHOW FOPEJIKH, O1IUCAaH
B[130].

HasecTro Takxe o noronHeHnn ELAN 250 opHo-
H MHOTOKaHAJILHBLIMH HIEPHCTATETHYECKHMH HACO-
camMH JUTH MHeBMAaTHYeCKHUX pacum.rmrencﬁ, KOH-
Tpo/UICpaMH pacxoa aproxa (34, 35, 61, 63, 123,
127], KacceTHBIM ABTOMATHUECKUM CMEHLLMKOM 06-
pasuos (35, 36] M cHereMoit aBApHITHOTO OTKIOYC-
HHA CIICKTpoMmeTpa [ 156].

IporpamMuoe oBecriewenue

PaBoTy criekTpOMETPOB HEPBLIX BLIYCKOB KOH-
TPOJIHPOBAII KOMIBLIOTE P, HMEIOLIHI MUKPOIIPOLIEC-
cop 8086 c conpoueccopom 8087, BiuHuecrep 10 M6
U rUbENIt guek | M6, MaTeMaTHYeCKOE COITPOBOK-
neHHe copepxkano Sosiee 20 moanporpaMM, B ToM
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yuciie GubIMOTEKY M30TOIOB C MX XapakTepucTHRa-
MH, ypaBHEeHHA U K03 (HHUIIHEHTHI KOPPEKLMH H30-
GapHBIX HAJTOMEHHH, CHCTEMBI OPraHH3aluH K Bi-
3yasaaliy paboTsl, KAYECTBEHHOTO aHAIH3A, KOH-
LIEHTPALIMOHHON KaJIUGPOBKY, CKAHHPOBAHIA CHI-
HAJIOB BO BDEMEHH, CTATHCTHYECKO0iI 06paboTKu pe-
3yALTATOB UBMepeHuit (45, 86, 157, 158]. INoaxe
maTtobecnedyeHue GLUIO LOIOAHEHO ITPOrPaMMOi
MONYROJIHYCCTBCHHOIO OﬁSOpHDI‘O aHallMnaa, lnoJy-
yHBIIEH HagBaHue Semi-Quant, Hatue e M-
pokoe npumeHenwue |61, 71, 97, 120, 128, 130,
134, 152].

3aK/movUeHHe

INoABneHHe B aHAJIMTHYECKUX NabopaTopHax
HPHHLUMTHAILHO HOBOIO aHAJIMTHUECKOI'O HHCTPY-
MeHTa ELAN 250 npHBACKIIO K HEMY MHOTO 9HTY3H-
ACTOB, CTABLIMX [103/{HEC H3BECTHBLIMH CIIELIMAJIMC-
TaMH B 06J1aCTH Macc-CIIeKTPOMETPHUH C MBAYKTHB-

HO CBA3AHHAOMN r1a3moit, C nomomisio ELAN 250 umu
C/IC/1AHO MHOTO HCCJICI0BaHHH 1 aHaInu30B, Hojy-
YeHBI MHTEPECHAIC H BaXdHbIE Pe3Y/ILTaThL B Pa3/iHy-
HbLX 0BJ1aCTHX HAYKH H IIPAKTHKHA, MHOMHE M3 KOTO-
PBIX M CEIUac He oTepaii akTyanbsHocTH,. Hakor-
JIEHHBIH KPUTHYECKHI SHCILIYATAIMOHHbBLA ONBIT U
pacTyume 3anpocsl HoiabssosaTeiei nobyamun SCIEX
smecTe ¢ Perkin-Elmer k co3iaHHI0 CIIEKTPOMCTPOR
CHEYIOLLMX MOKOJCHWH (€M, BBEJIEHNE), HAYATOMY
B 1987-1988 i Oanako mdorve ELAN 250, nioasep-
PHYTbIE 4ACTHYHON MOACPHN3ALNHA, paboTaly eue
OMEHb JIONITO, 0 YEM CBHIETE/ILCTBYIOT CPABHHTEIb-
HO HefaBHHe nybnukamu 1997-2001 e {102, 117,
150,151, 155, 159].

ABMop BuipaXcaemNpu3HamesLHoCmsL npogec-
copy D. Beauchemin (Kopoaescicutl yrusepcumernm,
Kureemon, Oumapuo, Karada) 3a urighopmanuon:-
HYHO NOoMOUb.
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SCIEX ELAN 250: FEATURES, PROBLEMS AND THEIR DECISION

V. T. Surikov

The offered review is devoted to the twentieth anniversary of creation in 1983 first commercial
guadrupole inductively coupled plasma mass-spectrometer. The basic features of this device, the met
problems and their decision, found with the help ELAN 250 original technical and methodical innovations,
expanding opportunities of the spectrometer and including in bases and history of a new analytical

method are considered.
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